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Fig 1 Pigeon Iv207 Most ataxic, the head and neck twisted and turned 
backward, the loner part of the body braced on the floor, legs stretched laterally 
and forward, phalanges of toes flexed resulting m hollon foot 

Fig 2 Pigeon K137 Bodj swaying fornard nith flapping wings The 
mngs and tail are shortened 

Fig 3 Pigeon K172 The tail and mngs are short, owing to frequent use 
as supports of the trunk, the feathers are worn dowTi and appear as if [they had 
been cut off wnth scissors 
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Winkler, Dogiel, Munzer and Wiener, Boyce and Warrington, 
Muiphy, Ziehen, Williams and Brouwer) It is not easy, there- 
fore, for any one to study accurately any changes that have 
occurred in the nervous sj'^stem of the pigeon For this reason 
each section of the affected birds was treated quite the same way 
as a corresponding control section This not only gives us a 
comparison with the normal structure, but also serves to show 
us any artefacts that may be present 

The birds were narcotized u ith ethei , while I opened the cramal 
cavity and spinal canal to take out the whole brain and spinal 
cord During the time of the removal the brain and cord were 
both rinsed in physiological salt solution, and before fixation, 
measured and weighed The brain stem, cerebellum, and the 
spinal coi d of both the normal and affected birds were used foi 
microscopic exanunation The brain was cut through proxi- 
mally at the level of the posterior thud of the optic lobes and dis- 
tallj'- at a point separating the medulla oblongata from the spinal 
cord Half of the cei ebellum v as left attached to the medulla 
and the whole fixed in 10 per cent neuti al formalin solution, v hile 
one portion of the half of the cerebellum lemoved vas fixed in 
Zenker’s formahn solution and the other in alcohol The fol- 
lowing is the formula for Zenkei’s foimahn solution used 


Bichromate of potassium 2 5 grams 

Bichromate of mercury 5 grams 

Sodium sulphate 1 gram 

Formahn 10 cc 

Distilled water 100 co 


From the spinal cord tv o parts v ei e taken, one from the cervi- 
cal region and the other from the lumbar i egion Each piece was 
cut into three divisions, one put in Zenker’s formahn, one in 10 
per cent neuti al foimahn, and the thud in alcohol Each speci- 
men had a control piece from the normal bud and both vere 
treated the same v ay in the same bottle After fixation, regular 
dehydration followed with both pathological and control speci- 
mens Both pieces were imbedded in the same block of paraffin 
and cut mth the microtome at the same tune With each stroke 
of the blade, then, two sections would be made, one pathological 
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MICROSCOPICAL FINDINGS 
I Spinal cord 

The spinal coi d of the pigeon has t\\ o enlai gements, the uppei 
and lowei intumescentia The upper enlaigement is located far 
posteriorly, owing to the bud’s long neck, and hence theie is a 
very short thoiacic coid between the uppei and low^ei enlarge- 
ments (ceivical veitebrae, 14, thoiacic 4, lumbosacial 7 or 8, 
coccygeal 5) The uppei enlaigement has a laigei diametei than 
any other pait of the coid At the lowei enlargement, the coid 
IS divided into two halves by the ‘sinus ihomboidalis,’ as named 
by Kolhkei (’02) The two halves of the coid are connected 
at the low ei part of the intumescentia onl 3 ^ by the anterioi w'hite 
commissuie Accoiding to Kolhkei, this sinus is foimed by e\- 
tensi\e development of the sulcus dorsalis mediahs in which 
thei e IS a gelatinous glial tissue The hgamentum denticulatum, 
a band of connectn e tissue which supports the cord from the 
lateial edges of the veitebial bodies, appeals at the level of the 
lowei enlaigement well developed in the ante) olateral portion of 
the cord 

White mattei All the sections of the spinal coi ds at the diflei - 
ent levels in the foui affected pigeons are decidedly small in ref- 
ei ence to both the w hite and gi si,y mattei as seen w ith the mici o- 
scope as well fiom the exact measuiements, compaied wath the 
sections fiom the conesponding lex els of the noimal control 
birds The myelin sheaths stained bj’’ the Pal-Weigeit aie gen- 
eially shghtty palei, so that each section of the affected speci- 
mens looks as if it weie cut much thmnei than the noimal 
section, w^hereas, m fact, they ai e both exactly the same m 
thickness, as ahead}’^ indicated Neveitheless, there is not found 
any area m the funiculi totally without coloi by Pal’s method 

Thioughout all levels of the spinal coid there is a lelativelj-^ 
pale aiea m the median portion of the anterioi fumculus and m 
the doisolateial peiipheij’’ of the lateial funiculus, wdnle on the 
othei hand the whole doisal funiculus is pale The othei 
portions of the different funiculi do not exhibit any marked 
color change 
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ulus posterior in the normal pigeon stains a deeper blue to 
purple-black by Pal-Weigert than any of the other funiculi In 
the affected specimens the median part of the funiculus posterior 
contains fibers of smaller caliber than normal and the fibers have 
poorly developed myelin sheaths though even the normal fibers 


TABLE 3* 

The upper cervical region of the spinal cord 
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ulus posterior in the normal pigeon stains a deeper blue to 
purple-black by Pal-Weigert than any of the other funiculi In 
the affected specimens the median part of the funiculus posterior 
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poorly developed myelin sheaths though even the normal fibers 
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here are small m caliber, yet the difference bet-^ een the affected 
and normal is n ell defined The lateral area cf the funiculus has 
a shghtly largei caliber of fibers than the median pcrtion, but 
even so they are smaller than those m the normal In the upper 
enlargement, the medial triangular aiea m this funiculus along 
the median sulcus stains a deep blue to black in the normal, 
while m the affected one it shous a paler color and reduced 
breadth The measurements of fibers are given in table 3 In 
the lov ei enlargement, the funiculi postericres are not attached 
to each other, but they are separated by a v ide space, the sinus 
rhomboidahs , the sinus side of each funiculus is convex, vhile 
the other side is closely apphed to the dorsal horn The funiculi 
in the affected specimens aie not reduced ventrodorsally, but do 
show a diminution transveisely There appear to be two kinds 
of fibers in the funiculus in the normal pigeon One occupies 
the medial fourth and measures S 1 ii on the average, while the 
other group occupies the lateral three-fourths and has fibers of 
much larger cahbei, 5 1 /x In these two areas of fiber groups, in 
the affected specimens, the fibers have a smaller caliber and thm- 
ner myehn sheaths , the average caliber of the fibers m the medial 
poition IS 2 2 n, while those in lateral portion measure 4 2 /x 
hloreovei , the arrangement of the fibers is looser 

No segmentation or decoloration in the my elm sheaths of the 
nerve fibers is seen 

Gray matter The gray mattei of the spinal cord of the af- 
fected birds shov s a reduction in both the anterior and posterioi 
horns and m the central gray matter Both horns are reduced 
especially in width, as shown in the tables (3 and 4) , but there is 
not much reduction in length There is, then, only a decided 
meagerness of both horns Besides these changes, other condi- 
tions may be pointed out 

In the anterolateral portion of the ventral horn, the ganghon 
cells are only half the noimal in number and the large cells present 
in the upper and lowei enlargements are decidedly reduced in 
size (table 3), and usually have a slender shape, but are seldom 
shrunken In both enlargements, a small area of ganghon cells 
at the medio-anterior portion of the ventral horn protrudes into 



128 


TEIJl HOSHINO 


here are small m caliber, yet the difference bet-^ een the affected 
and normal is ri ell defined The lateral area cf the funiculus has 
a shghtly largei caliber of fibers than the median portion, but 
even so they are smaller than those m the normal In the upper 
enlargement, the medial triangular aiea in this funiculus along 
the median sulcus stains a deep blue to black in the normal, 
while m the affected one it shous a paler color and reduced 
breadth The measurements of fibers are given in table 3 In 
the lov ei enlargement, the funiculi postencres are not attached 
to each other, but they are separated by a v ide space, the sinus 
rhomboidahs, the sinus side of each funiculus is convex, vhile 
the other side is closely apphed to the dorsal horn The funiculi 
in the affected specimens aie not reduced ventrodorsally, but do 
shov a diminution transveisely There appear to be two kinds 
of fibers in the funiculus in the normal pigeon One occupies 
the medial fourth and measures 3 1 ^ on the average, w'hile the 
other group occupies the lateral three-fourths and has fibers of 
much larger cahbei, 5 1 /x In these twm areas of fiber groups, in 
the affected specimens, the fibers have a smaller caliber and thm- 
ner myehn sheaths , the average caliber of the fibers in the medial 
poition IS 2 2 n, while those in lateral portion measure A2 n 
hloreovei , the arrangement of the fibers is looser 

No segmentation or decoloration in the my elm sheaths of the 
nerve fibers is seen 

Graij inatter The gray mattei of the spinal cord of the af- 
fected birds show s a reduction in both the anterior and posterioi 
horns and m the central gray matter Both horns are reduced 
especially in width, as shown in the tables (3 and 4) , but there is 
not much reduction in length There is, then, only a decided 
meagerness of both horns Besides these changes, other condi- 
tions may be pointed out 

In the anterolateral portion of the ventral horn, the ganghon 
cells are only half the noimal in number and the large cells present 
in the upper and low^ei enlargements are decidedly reduced in 
size (table 3), and usually have a slender shape, but are seldom 
shrunken In both enlargements, a small area of ganghon cells 
at the medio-anterior portion of the ventral horn protrudes into 



130 


TEIJI HOSHINO 


of fibers around the cells is not pronounced, though a few tiny 
bundles enter from the dorsal roots and from the funiculus pos- 
terior Schacherl (’02) says the small size of this column in the 
pigeon makes it difiicult to study the internal structure of the 
individual cells, and he says that the cell group in the upper 
ceriucal cord which corresponds to Clarke’s column cannot be 
distinguished 

In the upper enlargement, cervical mtumescentia, is found an 
analogous structure to Clarke’s column m full development, but 
this IS different from the arrangement in man and other mammals, 
for in these it does not appear at this level It has a large spheri- 
cal form on each side at the base of the dorsal horn, having its 
larger diameter from the medioventral to the laterodorsal side 
and its shorter diameter from the mediodorsal to lateroventral 
side Its huge structure, 0 334 to 0 384 mm in diameter m 
the average normal pigeon, occupies almost the whole space of 
the gray matter at the base of the dorsal horn The marked pro- 
trusion into the white matter of the posterior funiculus as seen 
in man does not occur in the pigeon, the whole group of cells is 
within the horn or in the central gray matter and causes no 
bulging 

The cells are generally round, oval, sometimes polygonal, they 
vary in number from ten to eighteen, and among them there are 
three to six large cells in each average section The size of these 
large cells in the normal vanes from 313to513 pim diameter 
The area of this cell group is filled and surrounded by a mass of 
fine network of fibers vhich is mainly composed of fibers from 
the posterior roots and fiber bundles from the funiculus dorsahs 
This network of fibers gives the dorsal and medial borders of the 
column a clear defimtion from the surroundng tissues The 
ventral and lateral borders, however, are not qmte so well 
defined, owmg to the diffuse transition into the lateral proprial 
fasciculus or into the fiber network of the lateral portion of 
the central gray matter 

In the thoracic region the column decreases in size, the con- 
tained cells are less numerous and the network not so luxuriant, 
but in the lower enlargement, mtumescentia lumbosacralis, it 
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No round-cell infiltration is seen surrounding the central 
canal Sometimes there seems to be a shght increase of 
neurogha at the periphery along the medial sulcus in the funic- 
ulus posteiior m a few sections, however, this is not seen m 
successive senes of preparations Lissauer’s zone and both 
spinal roots in all the affected birds show no evident difference 
from the normal 

2 Cerebellum 

The cerebellum of the pigeon lies as a dorsal cover of the 
fourth ventiicle and anteriorly it is attached closely to the 
large optic lobes It has a spheiical shape and is supported 
on both sides by a stalk, the crus cerebelh ad medullam (Stieda, 
’69) This IS the only cerebellar peduncle the pigeon has, any 
independent structure corresponding to the other two peduncles 
in mammals is not defined, at least macroscopically The 
lamellae of the cerebellum, which run transversely on the sur- 
face, converge in the crus cerebelh, fan-shaped at the lateral 
part of the cerebellum The lateral hemisphere is not present 
m the pigeon As to the division of the vermis, Shimazono 
(’12) divided it into two parts, the vermis anterioi and posterior, 
Ingvar (’18) lately divided it into the lobus anterior, medius, 
and posterior The anterior, Ingvar divides from the medius 
by fissure primanus and the posterior from the medius by the 
fissure prepyramidahs He came to this division as a result 
of his phylogenetic and ontogemc studies The lobus anterior 
IS divided into four lobuh, hngula, lobus centrahs, and cuhnen, 
and the lobus posterior into three lobuh, uvula, nodulus, and 
pyrarms The mterplaced lobuh between the anterior and 
posterior comprise the lobus medius which consists of three 
lobuh 

A small appendix from the posterolateral portion of the cere- 
bellum turns up, making a furrow between it and the cerebellar 
body, it IS shaped like an auricle, and is called the lobus laterahs 
or auricle Many authors agree that it corresponds to the 
floccular body in mammals The auricle consists of two mam 
lamellae, the one large anterior, the parafiocculus, the other 
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S Brain stem 

The medulla oblongata of each of the pigeons, both affected 
and normal, with the attached half of the cerebellum was studied 
in the successive serial sections from the distal end up to the 
height of the oculomotor nucleus m the midbram Since the 
normal structural relations of nuclei and tracts are not very 
well known, I have described, of necessity, the normal structure 
first before attempting to point out any alteration or difference 
in the affected birds 

The distal portion of the medulla oblongata At this level of 
the medulla oblongata, the gray substance of the posterior horn 
increases m its horizontal width, the axis of the horn is directed 
laterally, and it contains many myehnated fibeis The myehn- 
ated fibers m the posterior horn converge ventromedially at 
the neck of the horn, whence they run either into the funic- 
ulus laterahs, or the anterior horn, while more proximally they 
also enter the anterior commissure 

The anterior horn is narrower than in the cervical cord, its 
axis nears the midhne, and it contains an abundance of fibers 
which go to form a part of the thick anterior commissure The 
anterior commissure also receives fibers from the lateral fu- 
niculus and from the posterior horn These fibers m the anterior 
commissure disappear in the opposite medial edge of the fu- 
mculus anterior Gomg more proximally, the anterior horn 
becomes smallei and there appears the nucleus hypoglossus, 
while laterodorsally to the central canal the begmnmg of the 
vagus nucleus is seen 

The fibers in the anterior fumculus correspond to the 
fasciculus longitudmalis mediahs of mammals This has been 
estabhshed by the early formation of myehn sheaths and the 
pathway taken by these fibers to the midbram (Brandis, ’93) 
Many fibers m the funiculus anterior and laterahs, which cross 
in the raph6 and run laterally and dorsally, correspond to the 
internal arcuate fibers of mammals The thick fiber bundle 
which runs along the ventral periphery of the medulla forms 
the external arcuate fibers and makes one of the important con- 
nections with the cerebellum 
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(Biandis, ’93 a, Wmklei, ’91, Wallenberg, ’03) This area 
of fibei tracts is not so well defined in legaid to the sepaiate 
fibers as in the normal, owing to the poor development of the 
m 3 'elin sheaths and small size of the fibers This is one of the 
sinking differences in all affected birds fiom the normal The 
internal aicuate fibers which appeal more proximaUy in the 
medulla oblongata aie less distinct than those of the noimal, 
this is especialty easy to see at the laphe, vhere thej'^ decussate 
The thiclcness of the external ventral arcuate bundle, which 
runs ventrally along the penphery of the medulla, gatheimg 
fibei s fiom the posteiior and also lateial funiculus, is reduced 
bj”^ one-third of the normal, the individual fibers are much 
thmnei in leference to the myelm sheaths and aie also i educed 
in number This finding makes another striking diffeience m 
all affected buds not only at this level, but also at othei levels 
of the medulla 

The level of the nucleus ohvans inferior The nucleus ohvans 
mfenor in the pigeon appears at the level of the hypoglossal 
root and lateral to it, but it is partlj’' pierced by this neive m 
the ventral legion of the medulla oblongata It lies m a trans- 
verse position, having a thick gray mass at the lateral end 
Brandis only described “ein grosses fast faseifreies Feld” at this 
level w ithout pajung any further attention to the olivary nucleus 
Yoshimura (’10) found experimentally that by injury to the 
cerebellum this nucleus degenerated almost totalty contia- 
laterally The ohvary nucleus is connected by ivaj"- of the 
arcuate fibei s to the ceiebellum homo- and contialaterally and 
has a direct connection with the spinal coid The median 
part of this nucleus contains a rich fiber network wnth few cells 
Shimazono infers from his experimental and embryological 
study that almost certainly fibers from the olivary nucleus 
cross m the raphe and go dorsally to the cerebellum 

In all OUT preparations except only the case of the pigeon 
no K207, the nucleus ohvans mfenor is poorly developed, 
the nucleus is small, the normal measures transversely 0 668 
mm and ventrodorsally 0 367 mm , while the affected specimens 
measure 0 418 mm transversely and 0 117 mm ventiodorsalty 
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The zone of fibrae arcuatae extemae ventrales is extremely 
thm and contains only a few fibers and stains less intensely 
than normal The area of the fasciculus long med and pre- 
dorsalis shows dimmished transverse as well as ventrodorsal 
dimension, especially the former In the distal portion of the 
medulla oblongata, this fasciculus long med cannot be sepa- 
rates from the fiber tract which hes ventrally to this fasciculus 
The area of this fasciculus contams many smaller fibers, all 
more variable m size than the normal, the average cahber is 
5 7 fi m the ataxic and 8 6 ^ m the normal, the stammg also 
not so deep as m the normal Nucleus of the ala cinerea and 
the fibers of the vagoglossopharyngeus are normal 

All above findings are quite uniform m all affected pigeons, 
theie being only a difference m degree 

The level of the cochlear nuclet The acoustic nerve enters 
the medulla oblongata m two loots as in mammals, the one is 
the dorsal, distal, or lateral root, the nerNUis cochlearis, the 
othei is the ventral, proximal, or medial root, the nervus vestib- 
ularis The nuclei of the acoustic nerve are divided mto 
three mam groups One, the nucleus angularis, 'Eckkein,' 
located at the dorsolateral portion of the medulla, mto which 
the cochlear root enters, this corresponds to the tuberculum 
acusticum of mammals (Brandis, ’94, Winkler, ’91) The 
second nucleus appears m the lateral wall of the fourth ventricle, 
crescent-shaped, surrounded by a meduUated fiber mass, and is 
named the nucleus parvo-cellularis, ‘der klemzelhge Kern ’ 
The third one, the largest, occupies the space between the above 
two nuclei, nucleus magno-cellularis, ‘der grosszeUige Kern ' 
The magno-cellular nucleus is supposed to be analogous to the 
nucleus Deiters m mammals 

The nucleus angularis as well as the cochlear stem m all four 
ataxic birds are almost the same m the noimal in reference 
to then- developmental conditions The nucleus par\m-cellu- 
laris has sometimes a little nan oner shape and the meduUated 
fibers around it appear to be shghtly i educed The nucleus 
magno-cellulaiis, though it appears almost the same as normal, 
seems to be dummshed at its proximal dorsal portion in the 
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the spinocerebellar tract and bundles from the arcuate fibers 
which form the mam portion of the restiform body, and is 
observed m all serial sections m all the affected birds 

The fiber bundle along the ventral periphery of the medulla 
IS quite thin m all affected pigeons This is indeed very strilang, 
the ventrodorsal thickness of this bundle measures 0 100 mm 
in the normal and 0 043 mm m the affected bird — a dimension 
of less than one-half the normal There is not only a reduc- 
tion of thickness of the bundle, but each individual fiber is 
smaller and stains weakly owmg to its thm myelm sheaths 
The above condition of this bundle throughout its course is 
common m aU affected birds and it constitutes one of the most 
decided changes m the medulla 

The internal arcuate fibers are less prominent and quite indis- 
tinct, owmg to the reduction in fibers, their poor staimng proper- 
ties and the small size of the individual fibers, the scattered large 
ganglion cells between the fibers in the reticular formation are 
not only few in number, but also small in size, the average size 
of the large cells being 22 8 to 37 5 /i in the affected and 28 5 to 
57 0 M m the normal The area of the reticular formation is 
apparently reduced 

The tall triangular area of the longitudmal fiber bundle along 
the raph6 with its base directed dorsally to the floor of the fourth 
ventricle, that IS, the area of the fasc long med and predorsahs is 
smaller, especially in its transverse diameter, this measurmg 0 638 
mm in the affected and 0 985 mm in the normal The fibers 
which cross the raph4 from side to side and the fibers which run 
ventro dorsally in the raph6 in this area are quite scant The 
fibers, both the longitudinal and transversal, are thm, mdistmct, 
and do not stain a deep black by Weigert The spmal root of 
the trigeminal nerve shows a good development in both the 
healthy and unhealthy birds 

The level of the vestibular nerve Proximal and a httle ventral 
to the cochlear stem, the nervus vestibularis appears as a large 
bundle entering the medulla oblongata A part of the fibers 
runs dorsally to the acoustic area, to the nucleus magno-cellu- 
laris, while the other and greater part of the fibers runs medially 
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8 6 fi in the normal, the staining properties of the fibers here 
are poor 

The fiber groups which go dorsally and to the ventral portion 
of the acoustic aiea and which pass into the ventral part of the 
nucleus parvo-cellularis are slightly smaller than normal In the 
ventral region of the cerebellar peduncle, between the medial 
edge of the spinocerebellar tract and the lateral region of the 
‘Bogenzug,’ we find an area of large ganglion cells uhich is the 
proximal process of the nucleus magno-cellulaiis The trans- 
verse breadth of this nucleus here measures 0 835 mm m the 
affected and 1 084 mm in the normal, its dorsoventral boundary 
IS somewhat difficult to make out because of the close relation 
to the ventral cells of the nucleus cerebellai is lateralis The cere- 
bellar peduncle has a small breadth and the lateral fiber mass in 
this peduncle which is composed of fibeis that come mainly 
from the medulla oblongata has a breadth of 0 334 mm in the 
affected and 0 835 mm in the normal, or a ratio, therefore, of 
1 25 

The difference of the external vential arcuate fibers between 
the normal and affected becomes more prominent than ever at 
this point, 0 100 mm in normal and 0 065 mm m the affected 
birds The staining properties, cahber, and other conditions of 
each individual fiber are the same as described before It is 
cleaily seen that the fibrae arcuatae extern ae ventrales run latero- 
dorsally and enter the restifoim body and with the tractus spino- 
cerebellaris pass dorsally up to the lateral edge of the cerebellar 
peduncle The fibers in the reticular formation have the same 
changes as noted at the foimer level The changes in the fasc 
long med , the external ventral arcuate fibers, the lateral portion 
in the cerebellar process, and the restiform body are the mam 
important differences in the affected pigeons at this level with, 
however, no apparent degenerative processes in either fibers or 
nuclei 

The facial nerve and its nucleus appear normal 

The level of the sensory trigeminal nucleus The spinal root of 
the trigeimnal nerve is pierced ventiodorsally by a few fibers 
which come from the reticular formation and pass toward the 
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parently diminished in number This nucleus appears m frontal 
section, and proxunally disappears at the level where the troch- 
lear nucleus shous its largest size In the affected preparation, 
on the other hand, the nucleus disappears at the level just prox- 
imal to the place of appearance of the sensory nucleus of the 
trigeminal nerve 

This nucleus has never been exactly described, even though it 
seems to be similar to the oliva in Friedlander’s illustration (’98) 
or the medial a-nucleus (‘Trapezkern,’ Westphal) of Wallenberg 
(’04) in reference to its locahzation The inferior ohvary nucleus 
of the pigeon hes, however, far distal and lateral to the hypo- 
glossal root, while the superior olivary nucleus hes more dorsal- 
ward, as already described If this nucleus had a connection 
with the fiber bundle of the ventral system of the eighth nerve, 
like the superior olivary nucleus and the nucleus isthmi it would 
be normal as these are Thomas (’ll) reports the atrophy of the 
arciform nucleus in cerebellar atrophy, and contends from his 
experiments that the arciform nucleus has close relation with the 
pontme nucleus It seems to me rather, » therefore, that this 
nucleus may have some close physiological relation to the already 
described ventral fiber bundle or to the arcuate fibers than to 
the ventral system of the eighth nerve 

The internal arcuate fibers in the reticular formation are fewer 
and paler, differences especially marked m the fibers which cross 
at the raph4 At the lateral edge of the brain stem, a fiber mass 
runs toward the cerebellum passmg through the cerebellar pe- 
duncle, which measures 0 25 nom in the normal and 0 08 mm m 
the affected birds Gomg more proxunally from this level, the 
fasc long med becomes more and more round m section and the 
cerebellar peduncle decreases m breadth 

At this point it wall be well to descnbe more thoroughly the 
cerebellar peduncle, from its distal to proximal end, for reduction 
of this peduncle is one of important differences m the affected 
birds 

The distal connection of the medulla oblongata to the cere- 
bellum in frontal sections begms at the level of appearance of 
the cochlear nerve The spmocerebellar tract at the lateral 
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nucleus of the tngemuial nerv^e as a fiber mass nmnmg from the 
ventral part of the cerebellar peduncle to the medial part of the 
medulla This brachuun is perfectly normal in the affected 
specimens The decussation of the brachium as well as the nu- 
cleus ruber at the proximal region of the oculomotor nerve are 
well developed 

As to the connection of the cerebellum to the fasciculus longi- 
tudmahs mediahs, no definite structure could be identified 

The levels of the trochlear and oculomotor miclei The troch ear 
nucleus, its size, shape, and number of cells, together nith the 
fibers coming from the nucleus m the affected specimens, all ap- 
pear as in the normal sections The whole dorsoventral diameter 
of the brain stem at this level of the nucleus trochlearis measures 
in the midine 3 507 mm m the normal and 2 922 mm m the af- 
fected section The entire width of the bram stem from side to 
side measures 5 511 mm in the normal and 4 843 mm in the 
affected These measurements show a reduction of the brain 
stem at this level, but the small size is chiefly due to a diminu- 
tion m area of the reticular formation The ventral arcuate 
bundle has already disappeared 

The oculomotor nucleus appears proximal to the trochlear 
nucleus as its continuation, medial and slightly dorsal to the fasc 
long med The dorsolateral centers of this nucleus contain small 
well-defined cells, but the other centers have large cells From 
the nucleus fibers emerge passmg ventrally, part of them crossing 
the raph6, where they form the internal fibers of the opposite 
oculomot or nerve At the pomt of emergence of the nerve fibers 
from the bram stem, there appears in the nerve stem a half- 
moon-shaped, colorless line m the Weigert preparation This 
condition may be a structure analogous to that already discussed 
m the cranial nerve roots m the human by Thomsen ('87), HuUes 
('06) and Staderim ('90) No pathological or defective devel- 
opment in the oculomotor nerve fibers or in its nucleus is visible 
in the affected pigeons 

The fasc long med in this region is small and appears less oval 
than the normal, but the reduction is not as marked as at the 
former levels, it measures transversely 0 317 mm m the affected, 
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marked in the anterior portion The fibers from the reticular 
foimation to the peduncle arc hardly recogmzable 

In the medulla oblongata, the most conspicuous and constant 
changes in all affected buds are the reduction of the fiber bundles 
m the "ventral periphery of the bram stem, the fasciculus longi- 
tudinahs mediabs, the cerebellar peduncle, and the reticular 
formation, mcludmg the internal arcuate fibers and ganglion 
cells Other differences, though not so considerable as m the 
above structures, and sometimes not constan t, may be pomted out 
the reduction of the nuclei fumcuh postcriores, nucleus ohvaris 
inferior vuth its inter- and cucumohvary fibers, and a s3Tn- 
metncal nucleus "which is located at the ventral penpherj'^ m the 
middle portion of the bram stem All the cranial neives are nor- 
mal m nuclei and fibers m all affected buds The nucleus niber, 
thebrachium conjuncti-vuim, the nucleus isthmi (nucleus lemniscus 
lateralis) m the midbram, and the nucleus mesencenhahcus lat- 
eralis in the optic lobe appear m good condition 

In addition to the small size of the gray and white matter in 
the spinal cord en masse, there is decidedly poor developmen of 
cells m Clarke’s column, the anterior born, and the central gray 
matter, all those present being small ui size, often one-half the 
normal, few m number, with scanty piocesses The median 
portion of the fumculus anterior, the direct spinocerebellar tract, 
and the posterior fumcuh are reduced m area and also show indis- 
tinct holders owing to the interminghng of abnormally small and 
dehcate fibers which show a diminution of cahber The fiber 
network in all the gray matter, especially, m Clarke’s column is 
scant The capillaries and small blood-vessels m the substance 
of the spinal cord and cerebellar cortex are apparently greatly 
reduced None of the spinal roots or Lissauer’s zone show any 
variations In all cases there is never seen a definite degen ra- 
tive or regressive process, such as segmentation of myelin sheaths, 
or mcreases of the neuroglia or interstitial tissues No thicken- 
mg of the pia mater, the coats of the blood-vessels, or abnormal 
cell infiltration is observed 

Thus, the changes m the central nervous system in the affected 
pigeons may be regarded as a hypoplasia or developmental inhi- 
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Under the name of hereditary ataxia, we understand a condi- 
tion of congemtal disturbance of coordination of movements 
or even in standing, static ataxia This disease is generally 
classified mto two tjyies one is the Friedreich’s ataxia and 
the other is the L’h4r4do-ata\ia c6r4belleuse The former 
was first described by Friedreich in 1863, who noticed a 
tjTpical hereditary form of a chrome degenerative atrophy 
m the posterior and lateral funiculi of the spinal cord The 
affection is characterized clinically by a disturbance m the 
eoordmation of movements, as he says “Die Krankheiten 
durfte vom klimschen Gesichtspunkte aus als chronische pro- 
gressive Lalimung der Combination der Bewegungen, von pathol- 
ogisch anatoimschen Standpimkte aus als chromsche degener- 
ative Atrophie der spinalen Hinterstrange zu bezeichnen sein ” 
After his discovery of this affection, similar cases were reported 
by Carpenter (’71) and Gowers (’80) in England, and Brousse in 
France (’82), who had proposed to call the affection by the name 
of Friedreich’s disease (Mane, ’92) The chief changes m this 
disease are usually a thin small cord, with degeneration or atro- 
ph}--, and, consequently secondary sclerosis of the lateral and 
postenor columns, and thickening of the pia mater The fre- 
quently affected tracts are m the uroprioceptn e systems in the 
cord, namely the direct spinocerebellar tracts and the columns 
of Goll and Burdach, but sometimes the lateral p 3 U'amidal tract 
is also involved Occasionally there is more or less diminution 
in the number of fibers m the anterolateral column, and also 
atrophy of the cells in both the anterior and posterior horns 
(Blocq and Marmesco, ’90, Barker, ’03) The cells of the col- 
umn of Clarke are notably degenerated or else very poor m devel- 
opment All authors agree in that this disease is due to an ar- 
rest of development or growth of the various systems of fibers m 
the spinal cord (Menzel, ’91) 

Under the title of L’h^redo-ataxia c4r6belleuse. Mane (’93) 
reported two cases of a famihal ataxia, and collected from the 
hterature a senes of srrmlai cases, in which atrophy of the cere- 
bellum was found He has established a symptom-complex dis- 
tinct from Friedreich’s ataxia Mane’s disease is beheved to be 



156 


TBIJI HOSHINO 


Under the name of hereditary ataxia, we understand a condi- 
tion of congemtal disturbance of coordination of movements 
or even in standing, static ataxia This disease is generally 
classified mto two tjTies one is the Friedreich’s ataxia and 
the other is the L’h4r4do-ataxia c6r4belleuse The former 
was first described by Friedreich m 1863, who noticed a 
tjTpical hereditary form of a chrome degenerative atrophy 
m the posterior and lateral funiculi of the spinal cord The 
affection is characterized clinically by a disturbance m the 
eoordmation of movements, as he says “Die Krankheiten 
durfte vom klimschen Gesichtspunkte aus als chronische pro- 
gressive Lalimung der Combination der Bewegungen, von pathol- 
ogisch anatoimschen Standpunkte aus als chromsche degener- 
ative Atrophie der spinalen Hinterstrange zu bezeichnen sein ’’ 
Alter his discovery of this affection, similar cases were reported 
by Carpenter (’71) and Gowers (’80) in England, and Brousse in 
France (’82), who had proposed to call the affection by the name 
of Friedreich’s disease (Mane, ’92) The chief changes in this 
disease are usually a thin small cord, with degeneration or atro- 
phj’-, and, consequently secondary sclerosis of the lateral and 
postenor columns, and thickening of the pia mater The fre- 
quently affected tracts are m the nropriocepti\ e systems in the 
cord, namely the direct spinocerebellar tracts and the columns 
of Goll and Burdach, but sometimes the lateral pyramidal tract 
IS also in\olved Occasionally there is more or less diminution 
in the number of fibers m the anterolateral column, and also 
atrophy of the cells in both the anterioi and posterior horns 
(Blocq and Marmesco, ’90, Barkei, ’03) The cells of the col- 
umn of Clarke are notably degenerated or else very poor m devel- 
opment All authors agree in that this disease is due to an ar- 
rest of development or growth of the various systems of fibers m 
the spinal cord (Menzel, ’91) 

Under the title of L’h^redo-ataxia c4r4belleuse. Mane (’93) 
reported two cases of a famihal ataxia, and collected from the 
hterature a senes of similai cases, in which atrophy of the cere- 
bellum was found He has established a symptom-complex dis- 
tinct from Friedreich’s ataxia Mane’s disease is beheved to be 



158 


TEIJI HOSHINO 


pathological changes accoids iMth the authois iiho beheve in the 
similaiitj of these two kinds of hereditaiy ataxia in human cases 

\s to the real etiologj of this disease, it has been assumed 
that manj factors may play apart, such as idiocy, epilepsy, alco- 
holism, acute infectious diseases, and consanguimtjr of the pai- 
ents (Oppenheim, ’00, Stan, ’09), but none of these have much 
real xalue The connection cannot be made Thej’^ lack posi- 
tnc proof as etiologic factois 

\s cncmnstantial pedigiees shov, all oui cases descend from 
an onginal egg (pigeon female, no 151) moduced by the weaken- 
ing mfluence on a i eproductively oi em oi ked noi mal pai ent (from 
recoi ds of Di Oscar Riddle) MOiethei or how this overwork has 
a direct influence on the cential nervous system on exeits some 
secondarj'^ effect on this system as a lesult of some nutritional 
changes is a further difficult problem Nevertheless, ve feel 
that V c can deduce the very interesting fact that some disordei 
01 disturbanee caused by ‘reproductive overwork’ was at least 
an important etiological factor of this disease, and that the basis 
for such a conclusion in the present case does not rest on uncer- 
tain obsen ations, as has often been done prenously, but upon a 
practical and experimental foundation 
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JlC'Ximcn por cl autor, A C I'vy 
Um\cr<idad de Chicago 

Estudios expermientalea sobre el tallo cerebral 

11 Un estudio comparatno de la relaci 6 n de la corteza cerebral 
con el nistagmo vestibular 

El autor ha estudiado la relacidn de la corteza cerebral con 
cl nistagmo ic‘^tibular en la rana, tortuga, paloma, coneio y 
gatos \ jicnos j 6 \ cncs 3 adultos Llev 6 a cabo i anas ablaciones 
del cciebio olisenando su efecto sobre el nistagmo vestibular, 
u=indo como cstimulo la rotacidn La e\tracci 6 n del ceiebro 
cn la lana, tortuga y paloma no perturba el nistagmo vestibular 
La e\tracci 6 n completa del cerebro en el conejo con la destrucci 6 n 
cxteiiba del t danio no supiinie el componete rapido del nistagmo, 
siempro fpie la teinperatura del cuerpo se conserve normal Las 
obsen aciones de F T Rogers sobre la reducci 6 n de la tempera- 
tura del cuerpo subsiguiente a las lesiones del t damo y su efecto 
sobre Ids icflejos ha sido conhxmada por le autor en el conejo 
En cl gatn j perro la ablaci 6 n de la corteza motriz en la regi 6 n 
del iron ocular causa un aumento temporal, con alguna per- 
manencia, de o a 15 \ cces mayor, en la duracidn depost-nistagmo, 
ciiando sc hacc girar al animal sobre el lado de la lesi 6 n Haj' 
un aumento en la reacciOn del nistagmo cuando la desviacidn es 
opuc'ta al lado de la lesi 6 n, con alguna disminuci 6 n, pero no 
ccsacidn cuando la desMacidn tiene lugar hacia el lado de la 
IcsiGn Los hechos apuntados dan i ahdez a la conclusion de que 
el componente rapido del nistagmo \estibular no se debe a la 
integndad de un arco reflejo cerebral, sino que depende de 
algun centre situado debajo del talamo, sobre el cual ejerce el 
cerebro una bien reconocida acci 6 n inhibidora 

Traii.lation bj Jo«/ F Nonidez 
IrutituUoti of \\ ashingtoix 
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Obser^ ationt v, ere made upon rotator j and po^trotator j’' nys- 
tagnnis The animals n ere placed upon a turntable and rotated, 
the speed and number of rotations being controlled 

RESl LTS 

Frog Some obser\ers ha\e reported the presence of compen- 
satorj mo\ ements of the ej es of the frog, others have not This 
discrepancj is probablj due to the condition of the frog and the 
acuteness of obser^atlon Out of about one bundled frogs ex- 
amined onh a fen were found that did not shon on rotation a 
true \estibular nystagmus with slon and quick components 
The small green frog (Rana pipiens) and the jumbo bull-frog 
(Rana catesbiana) n ere used The latter is much better than the 
former for studj’-, as the nystagmus reaction is more marked and 
the ej 03 are larger ?e\ eral precautions are necessary m ordei 
to obseri e the reaction It is necessarj to rotate the fi og slon ly 
if rotated too rapidly, only detiation occurs The quick com- 
ponent IS ^e ^3 slight m degree (I to st inch, depending on the 
size of the frog), for the de\nation in the frog is not marked It 
IS easier to obsene, if the head is held betneen the fingeis to 
pret ent head nystagmus If the frog struggles much, it will be 
absent Pinning to the frog board often inhibits the reaction 
Postrotatorj nj'stagmus is very infrequent I have observed it, 
houeaer, consisting only of one or tno movements The tem- 
perature of the frog is \ erj important The best reaction occurs 
at 18° to 20°C 

Decerebration in the frog never abolishes the quick compon- 
ent of njstagmus nor interferes uith the nystagmus leaction in 
anj nay If the frog is depressed as a result of the operation, 
then de\nation onij is obser\ ed 

T^^rtlc Wilson and Pike (T5) report that nystagmus is absent 
in the turtle jNIj obseri ations are to the contrary, provided the 
turtle's temperature is between 10° and 39°C On either side 
of the=e temperatures the quick component is abolished and 
dc\nation only is present 

This effect of temperature upon uj’^stagmus is only to be ex- 
pected when it IS recalled that reflexes m general are depressed 
bj temperature on either side of the normal or optimum 
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turtle's temperature is between 10° and 39°C On either side 
of the=e temperatures the quick component is abolished and 
dc\nation only is present 

This effect of temperature upon nystagmus is only to be ex- 
pected when it is recalled that reflexes m general are depressed 
bj temperature on either side of the normal or optimum 
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IS present in the pigeon onij to a slight and less pionounced de- 
gree than m mammals Vccordmg to my observations, the a\ - 
erage number of rotator} nystagmic mo\ ements for thirty pigeons' 
when lotatcd through an arc of ninety degrees at a speed of one 
luin in two seconds was six, the minimum numbei being three, 
the maximum ten The a\eiage number of postiotatory mo've- 
ment® for the <ame group of pigeons w'hen rotated ten times at a 
-peed of one turn m two seconds was eleaen, the minimum being 
foul the maxmium twenta The aa erage duration of the af- 
tei-na stagnius w as fia e seconds 

Hcnn-dccerebration in the pigeon has no effect upon nystagmus 

Complete decerebration with ea’^en extensiae injuiy to the 
thalamus does not abolish the quick component of nystagmus 
proaided the tempeiature of the bird is kept noimal Rogers 
( 18 ) has showm that the temperature of the decerebrate bird with 
tlialaniic lesion must be kept normal m order to get normal de- 
cerebrate behaaior In two such pigeons, whose body tempera- 
tuie fluctuated with the temperature of the surrounding an, it 
wa*! found that the quick component of nystagmus disappeared 
at ‘14''r 111 one and 35°C m the othei, while deanation persisted 

Rabbits True aestibular njstagmus is present m the rabbit 
The aa erage number of rotator} movements for eight rabbits 
when rotated though an arc of mnet} degrees at a speed of one 
turn in two seconds was fia e, the minimum being four, the maxi- 
mum seaeii The aa erage number of postrotatory moa'ements 
foi the same group of rabbits when rotated at the same speed 
wa^ sixteen, the imnimum being seaen, the maxmium twenty- 
four The aa erage duration of the after-nystagmus was eight 

seconds 

•^ome rabbits show a marked a ariation in the number of moa e- 
mentb and the duration of the after-nystagmus, although they 
w ere rotated at the same rate of speed and other factors w'ere con- ' 
trolled One of the rabbits aaried from seven to taventy-two 
moa ements, or from four to ten seconds, during the course of 

' The pigeon’s bend should be fixed so it cannot bo moaed The pigeon has a 
method of shaking and twisting its head which markedU inhibits the number 
of the moxements and duration of the after-nastagmus 
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Complete dccerobration in the rabbit does not abolish the 
quick component of nj stagmus The entire thalamus can also 
be destroyed (figs S and 9) uithout abolishing the quick compo- 
nent In the deceiebrate rabbit the quick component peisists 
until the animal becomes depressed because of degeueiations in- 
^ oh mg lou er centers oi becau'^e of inanition, it being \ ery diffi- 
cult to keep the=!e animals in a good state of nutiition In the 
decerebrate rabbit u ith destruction of the thalamus the tempera- 
ture becomes subnoimal and the quick component disappeais, 
but uill return again if the animal is placed in an incubatoi and 
its bod\ temperature raised to normal Deiiation still persists 
with subnormal temperatuie In such a rabbit immediately 
aftei the operation and for four to five hours latei the quick com- 
ponent is ^ ery manifest, but after this time it is irregular and sub- 
ject to w idc variations Tu o such animals manifested no rota- 
torj qmck component when tied to a board, but w'hen held in 
the hands and rotated the quick component w'as present With- 
out taking into consideration these last two pomts, along wuth 
bodj temperature, one rmght overlook the presence of the quick 
component in rabbits w ithout cerebrum and thalamus 

The rabbit is a com ement animal in which to demonstrate the 
presence or absence of the quick component following various 
biain lesions 

Cats bi\ cats have been worked upon wuth the same results 
as obsen ed in the rabbit and the dog 

Kittens and pups The same observations hold tiue in young 
anmials as obsen ed m the adult, except for a general rule that 
the depression from the operation is less marked and the effects 
pioduced are more temporarj However, one pup, wdiich was 
operated at the age of four months and is now one year old 
(August 1, 1919), in which the left motor cortex, occipital cortex 
and basal portion of the temporal lobe w as extirpated, now" show's 
three postrotatorj movements when rotated to the left, and 
eight when rotated to the nght The increase in the aftei- 
nj stagmus when rotated opposite to the side of the lesion seems 
to be permanent m this pup 
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noriml (32' to 35°r ) ^ncl it was ^ery depressed, being comatose 
fort\ -eight hoiiis preiioiis to death The quick component w as 
absent dining the last fo^t^ -eight hours Vutopsy le^ealed the 
thalamu== to ha\ e undergone complete malacia At the time 
obser\ atioiis were being made on this dog I was not aw'are of the 
effect of bodj temperatuieupon the quick component of nystag- 
mus and hence did not studj the effect of raising the bodj' tem- 
perature as w as done m the case of the rabbits repoi ted aboi e 

V clean ablation of the occipital cortex in the dog does not altei 
%cstibular njstagmus as judged bj^ the results from such a pio- 
ccdure m three dogs 

DISCUSSIOX 

Tozer and Sherrington (TO) have demonstrated histologically 
and pin siologically the presence of sensory tendon ner\ es in the 
extiin-'ic c\e muscles which pass back to the midbram i/ia the 
Illrd R th, and YIth nenes Wilson and Pike (T5) suggest 
that afferent inipubos from these tendon nerves "set up effeient 
impulses m the oculomotor cells of the ceiebrum, wdiich lesult m 
cl quick jerkj contraction of the internal rectus on the side of the 
slow del lation and of the external rectus of the opposite side, wuth 
relaxation of the antagonistic muscles,” w'hich effects a restora- 
tion of the exes to the primal} position In othei words, these 
latter mx estigators aie of the opinion that the quick component 
is dependent upon the presence of the neopalhum oi upon the 
mtegntx of a ceiebral reflex arc The presence of tiue x^estib- 
ular nx«!tagmus m the frog, pigeon, and turtle questions this 
idea from the xaew point of comparatix e anatomy Theper'^ist- 
ence of true xe=5tibular n}stagmus following the remoxml of the 
cerebral hemispheres m the'se forms) which is a xmry simple mat- 
ter and causes no great physiological disturbance — questions this 
idea phx siologically The observation that no disturbance of 
nystagmus follows decerebration in these forms, xvhile m the 
higher forms (rabbit, cat, dog) there is a change m the number 
and duration of the n}stagmic moxoments, shoxxs that some con- 
stituent IS absent in the cerebrum of the frog, turtle, and pigeon 
XX Inch IS present m the cerebrum of the rabbit, cat, and dog 
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E\PlAN\TJO\ OF FIOnnES 

1 Dop IS \bhtion of the posterior t\io-thirds of the left cercbnl hemi- 
splure imhuhnpthi bisal portion of tin temporal lobe and motor cortex This 
dop 'bowed t\pieil increase m nxbt ipmus when slow component was directed 
oiiposito to the side of the Ic'ion Quick component w ns present when rotated in 
either dire ction 

2 Dog 31 ( omplete left hcmi-dccercbration, including destruction of the 

left h ilf of the thalamus bee table 3 been from injured side 

3 Dog 31 Ventrdaitw Both third ncrics and midbrnin are intact This 
dog 'howed n^~t ipmii' w hen rotated in either direction with an increase as shown 
in t iblc J rt Third nencs 

1 Dog 32 Complete left homi dcccrebration, including destruction of left 
1 itiril and middle portions of the thalamus and anterior loft half of mtdbrain 
Ni't igmi ' was absent in this dog which li\cd onlj three dajs a, Right third 
nerve int ict b, left third nerve ibsent with iiijurj to midbrain 

1 Dog \ Ilemi-dcccrebration a Thickened dura, b, section made through 
fibrous tis'iie for examination of thalamus, which showed areas of degeneration 
() Dog 0 Complete left hcmi-dccercbralion with injurj to lateral portion of 
thalamus done in two operations Posterior two-thirds of right cerebral liemi- 
splicre remov ed at a third operation There v\ as an increase in nystagmus w hen 
the slow component was opposite to the side of the fresh lesion The quick com- 
ponent w IS present when rotated either direction Dog was killed three days 
after the third operation b) anotherdog Sectablc3 a, Temporal muscle drawn 
inwards through defect in the skull, b, thickened dura, c, hemorrhagic remaining 
portion of cerebrum (the only cortex present), d, fomix 

7 Rabbit III Left lierai-decercbration with injury to lateral portion of 
the thalamus Sec table 3 a, anterior quadrigemina 

s Rabbit VII Complete dcccrebration and destruction of the thalamus 
a -^ntenor quadrigemina, b, optic nerves and chmsma 

9 Rabbit VI Complete decerebration and destruction of the lateral portions 
of the thalamus a, anterior quadrigemina, b, optic nerves and chiasma 
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Rc'unien por ol 'lufor F T Roger" 

Unu cr^uhd do C hicngo 

E"tudio" expennientale" ‘^obre el tallo cerebial 

III Lo< efecto" de cxtcn^a^? %aiiaciones de la temperatura del 
cuorpo caii"adab poi las lesiones del talamo, 

"obre las actujdades reflejas 

I.a cxtraccion do lo" hemisfeiios cerebiales j el talamo en la 
palomo icdiico al animal a una condici6n poikiloteima peima- 
nonto I’no doe"to" ammalo"asi opeiado puede consei varse vivo 
durante im ponodo do 1 a 3 moses, colocandole en una mcuba- 
doia a SQ'T El compoitamiento ulterior y las actividades 
lofioja" Aarian con la tompoiatura del cuerpo Los movimientos 
indoc i" 0 " tipicob de los ammales despi o\ istos de cei ebro apaiecen 
cuando el annual csta hambriento, si la temperatura del cueipo 
Os superior a 30° Si se dcja descender dicha temperatuia liasta 
lo" 30° apareccn pcituibaciones en el equilibiio, que se mani- 
fio'tan primero por la pie^cncia de una fle\i6n t6mca de la pata 
A mu"Culos del pit V 2-1° o a menor tempeiatuia el animal no 
puede inantenerse en pie o \ olai Los reflejos oculares, pupilares 
A el ni"tagmo de"aparecen a unos 30° Todos ellos leaparecen 
cuando la temper ituia Auehc a sei la normal de 40° El autor 
coneigna ob"er\ac]ones fisiologicas detalladas sobre un animal 
de"puO" de la ablacion do todas las partes del cerebio anteriores 
a la comisuia posteiioi a al quiasma 6ptico, seguidas de un 
estudio microscdpico de coites scnados de las restantes partes 
del tallo cerebral 

Tran btion b\ F SonuUz 
Carnr-pio In titutionof hinsrton 
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\ ulpian in 186b noticed that removal of the cerebral hemi- 
‘sphcres of the carp led to continuous excessive activity of the fish, 
alv a\ s hov c\ er a\ oiding obstacles in its path 
Fcrnei and Stemei found that removal of the hemispheres of 
the ‘^hark ga^e the same pictuie as followed loss of the olfactory 
lobe‘s, that if the thalamus were remo\ed, the animal lay quietly 
on the floor of the aquarium without movement Bethe demed 
thi': “Stating that loss of the thalamus did not abolish spontane- 
ous: moi ements 

^telnGr Bethe, and Loeb all agreed that damage to the mid- 
bram leads to motoi disturbances, m the foim of forced move- 
ments oi circus mo\ ements, if the lesion is umlateial, in the 
direction of the intact half of the midbram 
Remoi al of the hemispheres and thalamus of the frog abolishes 
spontaneous mo\ ements, accordmg to Steiner, but not if the 
thalamus is left intact (Schrader) 

Rolando (’09) studied the effects of decerebration m the pigeon 
His ob-eriations were confined to birds which lived a few' days 
onh after operation 

I'louien« ( 22) continued the work and kept the birds alive for 
month'' after operation He made no distinction betw een decer- 
ebration with and wathout thalamic involvement 

Longet (’47) was the first to attnbute significance to sharp 
localiration of brain lesions and prepared decerebrate birds wath 
and w ithout damage to the underlying parts 
;Munk in 1883, reiaied the controversy betw een Flourens, who 
maintained that the hemispheres were necessary for the vari- 
fiu-' ^cn‘:e> and Cmaer, who thought that loss of the forebram 
led merelj to the loss of memory images 
Schrader, in 1889, m an elaborate monograph reported results 
on ileterebrate pigeons in which the thalamus w'as carefully pre- 
^cr\ed His primar}' interest was in the functions of the cere- 
bral hemispheres and not much consideration was given to the 
thalamus sai e to make sure that it was present 
\’ulpian had prenously considered the activities of decerebrate 
animals as due automatically to stimuh “either mternal or exter- 
nal’’ which incited the movements of the animals 
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The ^^T^ter has been accustomed to leave a bridge of bone over- 
Ijung the longitudinal sinus and then cutting through the dura, 
parallel to the median sulcus and to the occipital pole of the 
henusphere Hemorrhage from the large superficial artery run- 
ning o\er the anterior surface of the hemisphere may be con- 
trolled until a cauterj and the entire hemisphere removed uith 
a blunt probe vhose tip has been curved to fit around the posterior 
end of the hemisphere This can be removed, the hemorrhage 
controlled with cotton, and a clear view of the thalamus and the 
third n entncle obt ained The u riter has then destrej'^ed the thala- 
mus either b} excision or by the use of a hot cautery The lat- 
ter is more satisfactory, in that it contiols bleeding as well as 
destrojnng the thalamus 

In the second place, it has never been found satisfactory to 
lea% e cotton or anj packing in the cranial cavity, but to allou 
the caMtj to fill itself uith blood and seuing the skin over the 
caAitj No attempt uas made to approximate the cut edges 
of the dura, because of its delicacy and the fact that traction on 
the dura may increase the hemorrhage 

After the most careful operatn e work it is found that only one- 
fourth to one-third of the animals uall live for more than a feu 
da^s These early fatalities seem to be due to circulatory dis- 
turbances The percentage of survivals can be increased mark- 
edly if the thin medial and occipital cortex is not i emov ed These 
parts arc so closely related anatonucally to the large blood-ves- 
sels of the brain stem that their removal is particularly likelj’’ to 
be associated uith excessne bleeding 

EXPERBIDXTAL RESUETS 

Complete removal of all forebrain substance anterior to the 
thalamus gn es a preparation u hich, if the animal lives over the 
initial shock, conforms to the classic description Certain fea- 
tures are characteristic of such an animal 

1 The bird stands quietlj on one or both feet most of the 
time 

2 The feathers are fluffed as m the sleeping condition 
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controlled uith cotton, and a clear view of the thalamus and the 
third n entncle obt ained The u riter has then destrej'^ed the thala- 
mus either b} excision or by the use of a hot cautery The lat- 
ter is more satisfactory, in that it contiols bleeding as well as 
destrojnng the thalamus 

In the second place, it has never been found satisfactory to 
lca%e cotton or anj packing in the cranial cavity, but to allow 
the caMtj to fill itself with blood and sewing the skin over the 
caAitj No attempt was made to approximate the cut edges 
of the dura, because of its delicacy and the fact that traction on 
the dura may increase the hemorrhage 
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fourth to one-third of the animals wall live for more than a few 
dais These early fatalities seem to be due to circulatory dis- 
turbances The percentage of survivals can be increased mark- 
edly if the thin medial and occipital cortex is not i emo\ ed These 
parts arc so closelj' related anatonucally to the large blood-ves- 
sels of the brain stem that their removal is particularly hkelj" to 
be associated with excessne bleeding 

EXPERIMCXTAL RESULTS 

Complete removal of all forebrain substance anterior to the 
thalamus gn es a preparation w hich, if the animal lives over the 
initial shock, conforms to the classic description Certain fea- 
tures are characteristic of such an animal 

1 The bird stands quietlj on one or both feet most of the 
time 

2 The feathers are fluffed as in the sleeping condition 
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Pigeon 126 

June 21 Bird deccrebnted ind thalimns ciutcii^cd with a hot 
jirohe 

hnic 22 h 00 M Temp , 3ti°C Biid sluggish, stands wnth 
dl{^ltult^ , toes are “^hchth aichcd upwaid so that the bird tends to 
«tand on the claws onh (This condition is inferred to as ‘claw foot’ 
m the laboratora record ) Bird put m a warm mcubatoi kept at 32°C 
10 00 r ai Bud is walking aiound, tcmpeiature of bud is 43°C 
I line 25 Inciibatoi in which bud is kept adjusted to 30°C , and 
bird staas in mcubatoi until Jula 1 

June 2G Bird IS preening itself Is fed and wateied bv hand No 
difficiilta in feeding Tempeiatuic of biid, 41°C 

June 2S Tempciature of bird 3S°C llotatoiy and post-iotatoia 
nastagmiisof eacswlicn bird is rotated Equihbiiuin iioimal, featheis 
fiiilTed Difficulties in feeding, as bud rejects much of the food put in 
the mouth Ba use of much water, liowevei, some is swallow'cd 
June 10 Bud quiet, no icstlessness when stanmcl 
July I Bud iciiioaed to loom tempeiatuie (24°C ) Tenipeiature 
of bird falls to 37° Pupillai-j leactions to light piesent but sluggish 
*3170 of pupil, bright light 3 mm cliam 
Size of puiiil, dun light 4 5 mm diam 

Change in size of pupil with eaen winlung movement of the eyelids 
^onlltlng Respiiation, 22 Equihbiium iioimal Bud peiches on 
mj fingei 

July 2 10 00 a at Bird has been in cool place ovei night Body 

tcmpei iture, 33 5° Respiration, 17 Slight tendenej to claw foot 
Slight di«tuibances in maintaining balance on a pcich Bud pieens 
it'clf Bird put m incubator at 34° 

1100 a ai Bird squatting on flooi Tcmpcratuic of bud 36° 
Preening 

Bird ins been stai-acd foi forty-eight horn's, but no icstless walking 
moa ementb occui red 

1 00 p at Tempeiatuic of bud has iiscn to 40° Tj'pical decerebrate 
restles-ncss, bird walking about the cage This does not cease when 
bud IS giacn excess aaatei Bird is picked up bj hand and put down 
again IN alking moaements stop momcntaiily and then lesumed 
July h GOO pat N'erj'^ hot daj Tcmperatuie of loom 34° 
Bud has boda temperature of 44° Bud walking aiound its cage all 
daa Giaen water and it becomes quiet Feathers fluffed in normal 
w aa Pupils aa idcla dilated 

10 00 p ai Temperature of bud 39 5° Tempeiatuic of room 30° 
Bird standing quietla asleep on one foot Feathers shghtlj fluffed 
Turn on light m cage suddcnla Bud begins w alkmg around Turn 
off the light and bird becomes quiet Again the light avas turned on 
The bird appeal's to wake up Turns its head, moa'cs a fcaa’ steps, hesi- 
tates, and then begins walking around the cage Light removed 
The bird contmues aa alking m semi-claikncss and aa alks against the aa alls 
of the cage Repeats this sea oral times 
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Pigeon 126 

June 21 Bird deccrebnted md thahmns ciutcii^cd with a hot 
jirohe 

June 22 h 00 M Temp , 3b°C Bud sluggish, stands wnth 
dl{Iitult^ , toes are ^hchth aichcd upwaid so that the bird tends to 
«tand on the claws onh (This condition is inferred to as ‘claw foot’ 
m the laboratora record ) Bird put in a warm incubatoi kept at 32°C 
10 00 PM Bud is w alkiug aioiind, teinpeiature of bud is 43°C 
June 23 Incubatoi in which bud is kept adjusted to 30°C , and 
bird staas in incubatoi until Juh 1 

June 26 Bird is preening itself Is fed and wateied by hand No 
difficiilta in feeding Tempeiatuic of biid, 41°C 

June 2S Tempciaturc of bird 3S°C llotatoiy and post-iotatoi\ 
mstagmiisof e^cswhtn bird is rotated Equihbiiiiin noimal, featheis 
fiiilTed Difficulties in feeding, as bud rejects much of the food put in 
the mouth R\ use of much water, howevei, some is swallow'cd 
I unc 10 Bud quiet, no icstlessness when stanmcl 

July 1 Bud icmoaed to loom tempeiatuie (24°C ) Tenipeiature 
of bird falls to 37° Pupillaia, leactions to light piesent but sluggish 
‘size of pupil, bright light 3 mm cliam 
Size of pujiil, dun light 4 5 mm diam 

Change m size of pupil with e\en winlung movement of the eyelids 
\oniiting Respiiation, 22 Equihbiium noimal Bud peiches on 
mj fingei 

July 2 10 00 M Bird has been in cool place ovei night Body 

tempei iture, 33 5° Respiration, 17 Slight tendenej to claw foot 
Slight di«tuibanccs in maintaining balance on a pcich Bud pieens 
it'clf Bird put m incubator at 34° 

1100 \ M Bird squatting on flooi Tcmpcratuic of bud 36° 
Preening 

Bird ins been stained foi forty-eight houre, but no icstless walking 
moacmentb occuired 

1 00 p M Tempeiatuic of bud has iiscn to 40° Typical decerebrate 
restles-ncss, bird walking about the cage This does not cease when 
bud IS guen excess watei Bird is pickcKl up bj hand and put clown 
again alking moxements stop momcntaiily and then lesumed 
July If GOO p XI \erj" hot claj Tcmperatuie of loom 34° 
Bud has bodx temperature of 44° Bud walking aiouiid its cage all 
dax Gixen xxater and it becomes quiet Feathers fluffed in normal 
x\ ax Pupils w idelx dilated 

10 00 p XI Temperature of bud 39 5° Tempeiatuic of room 30° 
Bird standing quietlx asleep on one foot Feathers shghtlj fluffed 
Turn on light m cage sudclenR Bud begins walking around Turn 
off the light and bird becomes quiet Again the light w'as turned on 
The bird appeal's to w ake up Turns its head, mox'cs a few’ steps, hesi- 
tates, and then begins walking around the cage Light removed 
The bird contmues w alking m semi-claikncss and w alks against the \x alls 
of the cage Repeats this sexeral times 



PLVTE 1 

r'\.rij\NATIO% OF FIGURES 

1 ip> 1 2 3, 4 rhotofiriplis of a bird with cerebrum ind thilamus removed 
at different bod^ temperatures Photographs made at two-hour inter\ als Bodj 
temperature lowered and raised b\ putting the bird in a cooled or warm incubator 

1 Bodj temper iturc 33° 

2 Bod) temperature 20° 

3 Bod\ temperature 22° 

4 Bod) temperature 39° 
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r's-PL^NATION or FIGURES 

I ip> 1 2 3, 4 Phot opr'\phs of a bird with cerebrum ■vnd thilamus removed 
at different bodi temiieraturcs Photographs made at two-hour inter\ als Bodj 
temperature lowered and raised In putting the bird in a cooled or warm incubator 

1 Bod} temper iturc 33° 
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PL\TE 2 

r\.PLANATIO\ OF FlOCnES 

"i to 10 Sopitt il sections token in order pissing from the right to the left 
^idcb of the brun stem of pigeon 12G Bccnubc of lick of detailed knowledge of 
the th d lime ind mcbcnccphilic nuclei ind fiber tricts in the bird, these parts 
ire not 1 ibcled Ciincn-lucidi dnwings XG 
Cl , cerebellum 0 eh , optic chiisma 

Ily , luTiothilimiia 0 L , optic lobe cortc\ 

in oculomotor ncnc 0 , optic nerie 

1/ , midbnin P C , posterior commissure 

V 0 , medulla oblongata V , icntricle of the optic lobe 

\ region of broken, unstained, lp- 
pirentU softened or necrotic tissue 


34 



PL\TE 2 

r\.PLANATIO\ OF FlOCnES 

"i to 10 Sopitf il sections token in order pissing from the right to the left 
"idcb of the brun stem of pigeon 12G Bccmibc of lick of dctmlcd knoM ledge of 
the th il lime ind mcscnccphilic nuclei ind fiber tnets in the bird, these parts 
ire not 1 ibclcd Ciincri-lucidi dnwings X C 
Ct , cerebellum 0 eh , optic chiisma 

//?/ , liiTiothilimua 0 L , optic lobe cortc\ 

111 oculomotor ncnc 0 , optic nerie 

1/ , nudbnin P C , posterior commissure 

V 0 , medulla obloiigati V , scntriclc of the optic lobe 

\ region of broken, unstained, ip- 
pircntU softened or necrotic tissue 
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C V ARILNS KL^PPERS 


yJ 


ones, he 1? nccomp'iniecl b^ the secret feirs of those whom he leaves 
behind at the work-table of special research, and he is received with 
justifiable distrust b\ those whom he salutes as the denizens of the 
empire of speculation Thus he is in danger of losing 

with the former and of not gaming with the latter 

These words are ^ery true, but still this danger did not make 
him refrain from expressing his thoughts on a subject that we all 
as biologists both love and fear — natural philosophy in the 
widest ^ense of the term 

That this same danger threatens me, who not only consider 
memorj, but also association and attention (concentration) as 
general functions of organized matter, is clear It wms theicfore, 
not w ithout some hesitation, that I sent this paper to the editor 
of The Journal of Comparative Neurology Its title sounds a 
little bold in the ears of most biologists 

I also thought it better at first to change 'logetic’ in its title 
into ‘logical’ Since, however, we are accustomed to consider 
logic reason, as something that is pecuhar to conscious thinking, 
and there will be question here of a general principle of life, 
which, with other faculties but according to similar laws, also 
operates outside conscious thinking, I have preferred to use the 
word ‘logetic’ to indicate a broader idea of ‘logos’, fonnerly used 
to gn e expression to something that is more than that small part 
of reason of which we become conscious in our ‘logical’ thinking 

I do not w ant to be misunderstood I do not mean to say that 
logical ‘thinking’ accompanies the somatic development, nor that 
a tissue differentiation of the same form that obtains in the soma 
accompanies the building up of our spiritual life No spirituali- 
zation of the somatic, therefore, nor a materialization of the spir- 
itual I only w ant to point out that one and the same principle 
of life, which Aristotle called ‘psyche,’’ with other faculties, but 
ruhng wath “Similar conformities, is pecuhar to both, and leads in 
both to results which are different m effect, but which agree in 

• So this IS a psjche in a much wider sense than it has been used in the word 
'ps^cholog^ ’ Cf Hammond, Vristotle’s Psjchologv A Treatise on the Prin- 
ciple of Life Dc Anima, book 1, chapter 5, Alinca 31 ‘ ‘parts of the soul are all 
found m o\crj one of these bodib duisions and they are of like with each other 
and With the entire soul ” 
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ones, he 1? nccompnniecl the secret feirs of those whom he leaves 
behind at the work-table of special research, and he is received with 
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and x\luch arc mostlj indicated by the tiio centiosonies So 
here, too there are tiio (sometimes more) simultaneous centers 
of influence, nhich play an essential part in the accomplishment 
of the procc=^ 

54 herca« hon ex er, the simultaneous action of influences causes 
a 'linking,’ an a'^kocialion in the construction of mental life and 
aho of the nerxous sjstem theie appears a chffci cntiahon m the 
other ca=e an somatic dex elopment), a differentiation n Inch, how- 
ex ci lemains a unit, an mduidual, in other noids, the ‘linking’ 
of the paits nhich is a consequence of the piocess m mental life, 
IS present at the starting-point in somatic dex elopment and 
pera-ts 

•'jic iking piopeilx hoxx ex er, it may be said, that here, too, the 
‘linking’ of the results of those influences does not aiise till the 
diffoicntiation has been accomplished, because, xxhen the geim- 
cell XX as still one cell, the influences, xxhich liring about the differ- 
ent! ition had not yet acted, and so (apait fiom engiammatic 
factois) the lesults of those simultaneous influences, too, could 
not as j ct hax e been linked 

So in both processes iheic aic siimiltancons influences, fi om winch 
onginalcs a formative process, in both a linking of those influences, 
in the cerebral linking, houever, an integrated association of them 
and in the development of the germ-cell a differentiated association 
In both cases, hoxx ex er, there arises a construction, xxdiich is a 
product of coi related influences of the surioundings 

Let us consider in this light the influence of the medium on 
the diffeientiation of the cells In ordei to explain hoxx' the dixa- 
sion and multiplication of the cells is at the same time attended 
xxith a quahtatixe differentiation of the daughtei -cells, it is sup- 
posed on good expeiimental grounds that the txxo sides of the 
mother cell, oxxing to their different situation — oxxing to the fact 
that thej are exposed to different influences — do not undergo the 
same differentiation * That from the same blast omeies entirely 

• XViIton (also Dnesch •xncl Hertwig) "The rclatnc position of the blastomcrc 
m the \\holc determines in general what dc\elops from it, if its position be 
changed, it gi\cs rise to something different, its prospectne value is a funetion 
of Its position ” (The cell m development and inheritance ) 
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here, too there are tiio (somctmies more) simultaneous centers 
of influence, nhich play an essential part in the accomplishment 
of the procc=^ 

54 herca« hon ex er, the simultaneous action of influences causes 
a 'linking,’ an a'^hocialion m the construction of mental life and 
aho of the nerxous sjstein theie appears a chffei enhahon m the 
other ca=e an somatic dex elopment), a differentiation u Inch, how- 
ex ci leinains a unit, an mduidual, in other noids, the ‘linking’ 
of the paits nhich is a consequence of the piocess m mental life, 
IS present at the starting-point in somatic dex elopment and 
pera-ts 

•'jio iking piopeilx hoxx ex er, it may be said, that here, too, the 
‘linking’ of the results of those influences does not aiise till the 
diffeicntiation has been accomplished, because, xxhen the geim- 
cell XX as still one cell, the influences, xxhich liring about the differ- 
entiition had not yet acted, and so (apait fiom engiammatic 
factois) the lesults of those simultaneous influences, too, could 
not as j ct hax e been linked 

So in both processes ihcie me simvllaneous tnjhtenccs, fi om winch 
originates a formalwc process, m both a linking of those influences, 
in the cerebral linking, hoiicver, an integrated association of them 
and in the development of the germ-cell a differentiated association 
In both cases, hoxx ex er, there arises a construction, xxdiich is a 
product of coi related influences of the surioundings 

Let us consider in this light the influence of the medium on 
the diffeientiation of the cells In ordei to explain hoxx' the dixa- 
sion and multiplication of the cells is at the same time attended 
xxith a quahtatixe differentiation of the daughtei -cells, it is sup- 
posed on good expeiimental grounds that the txxo sides of the 
mother cell, oxxing to their different situation — oxxing to the fact 
that thej are exposed to different influences — do not undergo the 
same differentiation * That from the same blast omeies entirely 

• XViIton (also Dnesch ind Hcrtwig) “The rclatnc position of the blastomcrc 
m the \\holc determines in general what de\elops from it, if its position be 
changed, it giscs rise to something different, its prospectnc value is a funetion 
of Its position ” (The cell in development and inheritance ) 



C TJ VRItNS KAPPERS 


oG 


Since we lia\ e to accept that the fibnllogenetic zone is the part 
that IS first subject to formatue (stimulative) influences, it fol- 
lows that in the embrjomc cells the centrosome coincides with 
the prinutive stunulatn e center TMien later the dendrites have 
arisen, the} form the chief receptive apparatus for stunuh, and 
it is not strange to see the centrosome of the adult cell near the 
dendrites 

In the ganglion-cells of the retina O \ d Stricht found the 
centrosome in the dendritic part of the cells and so did N v d 
Stricht in }Oung spinal ganglion cells still in the bipolar stage 
(In adult monopolar ganglion cells they seem to he often near 



Fig 1 Sense cell of the saccus \a3cul0sus of Plcuroncctea limanda After 
Dammcnnan 

the monopolar offshoot) Hatai also found them in the cells of 
the spinal cord and in the Purkinje cells nearly alv ays in that part 
of the pericaiyon v hich is directed tow ard the dendrites (the same 
seems to pietail in the dravmgs published by del Rio hlortenga 
and others) 

This position of the centrosome near the place vhicli receives 
the influences from the surroundings reminds us of the structure 
of the spermatozoid v here it is attached to the flagellum, and the 
same applies to ciliated epithelium 
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I reciproc'il action based on a stimng aftci equilibiium, a con- 
tnn difieientiation or manifestation of energy mIhcIi can leact 
to\s ird i defect \\ith a piolifeiation, tonard piessuic iMth in- 
creased hardne's toccard light with pigment, tow aid toxin with 
antitoxin 

Moreoier the oiganism whose reciprocating energy" has thus 
been cioked lemains throughout a unit mateiiallj and func- 
lionalh M/ , it shows m all its parts an associated coii elation, 
and the dei eloped oiganism manifests itself as one coiielated 
system whose hainioin is astonishinglj" icasonablc in a logetic 

sense 

One need onh think of the relation between lens, retina, and 
jiigment m the eie, the mutual dcielopment of which fai exceeds 
in logic d, oi rather logetic, relation the mental possibilities of 
oui conscious logical intellect 

Ihus there is in out somatic development a logetically 
corulatcd relation which has its origin in the same cause as the 
inent il issociatioiis, m 7 , in different but simultaneously opei- 
atim: i c , con elated, influences 

111 this deiclopmcnt of foim the ‘function’ is inherent of which 
the ‘logctical’ iclation with the surrounding woild and with the 
rest of the boclj is not less eiident, and operates with the exact- 
ness of mathematical reasoning, witness the diffeient ways in 
which accommodation of \ision is effected in the animal senes 

It appears, therefore, that the associalnc d)ffcrciiliaUo 7 i of the 
hochj IS m its result a diffeient thing from the associative hiiLing 
III the ncnoiis system, but that both of them find their origin in cor- 
related sltmiih 

Both the neuronic linking and the building up of our conscious 
mental life, on the one hand, and bodily differentiation, on the 
other, are reasonable correlations, originating in correlated irrita- 
tions, two chfferent foims of logetic reahzation 

Besides these, there are m both processes other common fac- 
tors, which again manifest themselves in each m a different w'ay, 

* The manner in i\liich nature forms its somatic images differs from that in 
winch itb mental images are concenod in that the latter are not contrary to the 
influence in the sense just described 
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plete ego, \\hich seems to be present m the ner\'e-cell as a deiiva- 
tne of the germ-cell, and from this it follows, not that ‘the hght 
IS to be seen,’ but that ‘I’ (i e , the primitn e many-in-oneness of 
potentiahtics) ‘see this hght’ (cf also Hughhngs Jackson, Pick, 
and others) 

Vll perceptions® and correlations alnaj's he in this ego, which 
may represent the primitive many-in-oneness of mental life In 
these perceptions, hon e\ er, the ego stands in the background of 
one’s consciousness Indeed, it is not seldom in the first instance 
made active by a perception, which it precedes, however, in 
potentiahty 

It seems now probable to me that here, too, tins ‘ego,’ i e , the 
direct experience of myself, the primitive unit, is bound to all 
ner\ e-cells, and that owang to this the consciousness of self (not 
the secondarily formed conception of myself) can remain, not- 
withstanding large destructions by illness, which it would not 
be possible to explain in an exclusively secondary linking of the 
difTorent neurons m a vcr 3 " imperfect secondary ‘ego ’ 

The secondanlj integrated conscious image is very incomplete 
of Its kind, and human ingenuity would require much more than 
a lifetime of obseia ations and experiences to build up, m second- 
arj integrations, all that which works as spiritually active factors 
m the mdu idual ego 

1 he ‘egoiU ’ aw aked by influences from w itliout includes, how - 
e\er, undoubtedh much more than hfetime experience and be- 
gins with a completion (be it un- or subconscious) which bears a 
perhaps infinite senes of engrams and pecuhanties, which m our 
subconsciousness are joined ‘intuitively’ (in an ‘entelechic’*® way) 

’ Thc-t perceptions prcser\c a certain separation because the interval also 
rcprc'cntc a situation of tbc ego 

Tlic vord ‘cntelcchia,’ first used by Aristotle, comes probably from ‘cn- 
telcs’ (fulfilment, completion) and ‘cchein,’ to have It is in a way opposite 
to tclcologa In tcleologic functions the ‘logos' of the ‘tclos,’ the knowledge 
of the end (the aim) is present In cntelecliic processes the character of the 
rc'Ult del clops through intrinsic forces and the result is only known when 
reached (unforeseen) An caample of the latter is the development of man 
from ape-likc ancestors, who could not have the man-like characteristics as an 
aim, since these did not jet occur at that time 
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Resiunen por el autor, Shigcjaila Komine 

Actmdad metabdbca del sistema nemoso 

La cantidad de mtrdgeno no protefnico en el cerebro de las 
ratas mantemdas en un estado de e\citaci6n 
emocional y ffsica durante yarns boras 

Las ratas estimuladas el^ctncamente durante un penodo de 
10 a 24 boras presentan en su cerebro una cantidad de nitrdgeno 
no proteinico relatu amente majw que el de las ratas normales 
escogidas como tCrmmo de comparaci6n Una estimulacidn 
semejante durante 6 boras no aumenta el contenido normal en la 
rata que “no lucba,” pero las que lucban presentan un mcre- 
mento de productos metabdbcos en el cerebro Las ratas que 
lucharon nolentamente produjeron una cantidad considerable 
de nitrdgeno no protebiico, aun despu6s de una a cuatro boras 
de estimulacidn Las que lucbaron durante una bora presentan 
la cantidad normal de mtrbgeno no protelnico en el cerebro 
despuCs de 42 boras de descanso El aumento de este mtr6- 
geno en el cerebro como resultado de una lucba violenta, se 
interpreta como debido on parte a productos metabdbcos, que 
resultan del aumento de la actividad fisioldgica general del 
cuerpo, los cuales began al cerebro con la sangre, y, parcialmente 
tambitn, como el resultado del aumento de la actividad 
motab6bca del mismo cerebro 


Trar 'atm b> I Nonidcr 
CantP'E'e lostilulion of 
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eliminating much as possible the factor of fear fiom the con- 
trol rats The rats iierc usuallj’’ fed uith a mixtuic of ‘Uneeda 
biscuit’ and eondensed milk, at about 9 a ai In malang the 
tests tuo male rats uerc put into a bo\ which was constructed 
in the following manner A wooden bo\ about 11 inches long, 10 
inches wide and S inches high was made, m the bottom of which 
numerous nails were placed with their tips ]ust exposed on the 
inner surface of the bottom These nails were connected by 
means of a copper wire and the ends of these wires weie m turn 
connected with a battery, so that an electric current could pass 
through them The lats standing m this box w eie stimulated for 
a period of three seconds m eveiy two minutes by the passage 
of a current The rats began to fight immediately or shortly 
after the electrical shock was given, as if one lat held the 
other rcsponsibile for the shock received Sometimes the rats 
rcfu‘-e to fight, and m such cases a light prickmg of the tail wuth 
a sharp needle alw ays proi okes fight almost at once TtTien once 
St irtcd, the rats continued fighting imder tlie stimulus of the 
elccti ical shock alone Usually the tw o test rats w ere taken from 
different litters, because the rats which belong to the same litter 
and aie accustomed to In mg in the same cage do not noimally 
fight w ith each other 

IMien the rats were brought from the rat house, I put those 
of the same litter in two separate boxes, one control rat and 
one test rat m one box, another control and test lat in the other 
box Rats of more than 120 days of age were chosen, because 
Hatai (’17) found that the amount of non-protein nitrogen show's 
\ crj shght age alteration after the rats pass this age, while on 
the other hand the rats which are younger do not fight vigor- 
ously Males only w ere used 

The rats may continue fighting aagorously for several hours 
In this operation both rats stand on their hind feet and push 
each other with their front paws, holding their bodies erect and 
straight and their mouths almost touching each other Every 
time a shock passes both squeak and each pushes the other 
strongly and they may even bite one another In some cases 
the rats continue this performance for more than six hours, w'hile 
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com entionil mark made some other member of the laboratory 
and thus the non-protem mtregen determinations uere conducted 
in entire ignorance as to -nhich flask belonged to the contiol or 
winch to the test series, thus a\oidmg anj peisonal bias in the 
determinations 

EXPERBIENT SERIES 1 

Thc«e experiments ha^e been made to see whether or not the 
amount of non-protem mtregen m the brain is changed as the 
result of stimulation (fghting) Altogether six control and six 
tc=t animals were used The period of stimulation extended 
from ten to twentj-four hours The rats did not fight at all 
m two cases and only slightly in one Tn no instance was the 
method of pricking with a needle applied to induce fghting 
During the cx-perimental period both the control and test ani- 
mals were not fed except with water 'I he results are shown m 
table 1 

\s will be 'cen from table 1, the relative amount of non-piotem 
nitrogen (per 100 giams) m the brain of the test rat is signifi- 
canth greater than those guen bj the control rat The amount 
of difTercnce is greatest m the rats which had been stimulated 
for the longest period, but this may be mere coincidence, since 
the other two cases do not follow m this relation The present 
remits bring out at least two points bince these lats wore not 
fed during the period of stimulation, it is conceivable that the 
electrical shocks, although thej'- did not induce actual fighting, 
might nc\ erthcle=;s through periodic irritation accelerate meta- 
bohe actnitj as compared with the rats wduch were not stimu- 
lated, and thus produce a form of nuld inanition It has been 
alreadj found m mj pre\aous studies (T9) that during inanition 
( represent cd bj the later part of the twenty-four-hour period) 
the non-protem nitrogen content of the brain shows some in- 
crease It w ill be seen, how e\ er, from the later experiments that 
this increase in the non-protem mtregen may be mamlj" due to 
stimulation, though inanition maj also contribute to it 

W'e might also assume that this increa'^e of non-protem nitro- 
gen in the test brain is due to the increased metabolic activity of 
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the ner\e cells ns the result of electrical stimulation, since 
knoY from the York of pre^^ous investigators that the nerv'^e 
cells show a definite alteration as the result of diiect stimulation 
of peripheral nerves (Hodge, Dollej% and others) 

■\Vc shall, however, reserve this discussion until further expeii- 
mental data are presented 

^Miatev er might be the real cause or causes, w e see fi om this 
prelimmarj test that as the result of stimulation the amount of 
non-protem nitrogen m the brain mci eases On account of some 
defects m our kjanograph, it became impossible m the subse- 
quent experiments to run the machine for long peiiods continu- 
oudv, and m the later tests we weie thus obhged to reduce the 
maximum stimulation period to six hours 

EXPERBIENT SERIES 2 

In the present ex-perimcnts the test rats were stimulated for 
SIX hours with a current from four batteries* Some of these 
rats did not fight at all, while others made a good fight \Mien 
the data are arranged according to the amount of fighting, we 
obtain interesting results 

As w ill be seen from table 2, after six hours of stimulation those 
rats which fought give a significantly greater amount of non-pro- 
tem nitrogen as compared with the controls, while those lats 
which did not fight giv'e an amount of non-protem mtrogen al- 
most identical with that for the control brains It appears from 
the‘'C rc=!ults that the electrical stimulation alone for a peiiod of 
cix hours IS not sufficient to produce a greater accumulation of 
non-protem nitrogen in the brain, but an emotional disturbance 
does cause an excessiv^e accumulation of the non-protem nitrogen 

The present ex-penment seems to indicate that an increased 
amount of non-protem nitrogen found in the brain of the rats 
which were stimulated for more than ten hours, and which did 
not fight at all (ex-penment 1) might be mainly due to a some- 
what increased rate of metabolic activnty of the test rats, thus 
producing a mild inanition It seems from these data reasonable 

* Size V, Red Seal Drj Batterj , about 30 amperes, -a hen fresh 
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to conclude that as a result of great emotional disturbance the 
circulation of the blood is accelerated, and as a consequence the 
cell metabolism of the brain is also accelerated, thus producing a 
greater amount of metabolites m the brain 

EXPERIMENT SERIES 3 

Thus far the test rats did not fght \agoiously, oiMng to their 
lack of re=;pon‘5C to the electrical stimulus We found later that 
when their tails are lightlj pricked AMth a shaip needle thej’- at 
once begin fighting By such a simple procedure, accompanied 
In the electrical stimulus, the rats aie made to fight seveiely, 
at the ':ame time squealing and biting each other \Wien once 
such a \aolent fight staits the periodic shock is irritating enough 
to make the fight continue until one rat becomes c\liaubted and 
tries to aAoid its opponent’s attacks The amount of non-pro- 
tem nitrogen was detcinuned foi those rats Minch had such a 
\erj se\ere fight for from one to foui houis Ihe results are 
gnon m table 3 

llie results obtained fiom the eight independent experiments, 
lining sixteen test lats, show clearly that the amount of non-pio- 
tein nitrcgen in the brain increases as the result of seveie fight- 
ing when compared with that obtained from the contiol brain 
The amount of non-protein found is, how evei , ii regular and there 
IS no precise indication of a propoitional mcicase with piolonga- 
tion of the fighting period In fact, m one instance (the thud in 
table 3) a large amount of decrease is showm as the result of 
seAcrc fighting for three hours This decrease m the amount of 
non-protem nitrogen might liaA e been the result of a complete 
exhaustion These irregularities in the amount of non-protem 
nitrogen found in the brains of test animals may be due to the 
fact that there are considerable indmdual differences as to the 
beha\aor during experimentation Some rats are very aggres- 
sne and may continue \aolent fighting without cessation, while 
there are instances in which the rats fight severely for a few sec- 
onds, then stop fighting for some time, only to resume again 
Still more important in accounting for the irregularities is the 
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fact that some rats sho'^ physical exhaustion much quicker than 
other=5 It '^eems to be clear also from the present data that tins 
increase m the amount of non-protem nitrcgen in the test brain 
cannot be the result of inanition, since the peiiod of stimulation 
is onh from one to four hours — mostly one hour — and indeed the 
incrca‘-c 1 = often more marked uith rats uhicli ueie stimulated 
for one hour onlj 

■\Ye maj conclude, then, that as the result of auolent fighting 
the amount of non-protem nitrcgen accumulates far in excess of 
that in the control brain although the exact cause for such an 
increase is still to be carefull}' considered 

EXPERIMENT SERIES 4 

The ex^periments so far shou clearlj’- that the amount of non- 
protem nitrcgen in the brain increases as the result of stimula- 
tion, and It was nou thought desirable to deteinune the effect of 
rest on the content of the metabolites For this purpose the rats 
ucrc induced to fight ^^olently for one hour by methods already 
described After the lapse of this period, the test rats u ei e placed 
separatel} m the usual laboratory cages and kept there with 
abundant food and u ater for from tu enty-four to forty-two hours 
The results of recuperation for these peiiods are shown m 
table 4 

From table 4 it is clear that the amount of non-protem nitrogen 
m the brain of rats uhich have rested for twenty-four hours is 
still significantly higher than those in the control brain How- 
e\ er, m the rats v hich have rested for forty-two hours the rela- 
tue amount of non-protem nitrogen is almost the same in both 
the control and test animals, though the test brains still give a 
shghtlj higher \alue We might conclude from these data, 
therefore, that for full recovery to the normal state the rats which 
have fought \aolently for one hour require more than forty-two 
hours' rest I regret that I cannot extend the observations on 
resting rats, ov mg to the limitations of my stay in this country 
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DISCUSSION 

From the data presented it seems clear that as the result of 
severe fighting the amount of non-protein mtrogen increases con- 
siderably m the brain The interpretation of this phenomenon 
IS difficult In association with violent fighting there is more or 
less physical exercise, which necessarily accompanies fighting, 
and we should anticipate an effect of fatigue and uhatever 
changes such fatigue may produce on the brain Because great 
emotional disturbance is necessarily associated in this case vith 
marked bodily activity, the greater amount of non-protein mtro- 
gen found in the brain m the present experiment might be con- 
sideied a result of abnormal physiological actmty of various 
organs and tissues, besides that of the nervous system itself 

The sources of non-protein mtrogen in the central nervous sj^s- 
tem are two, one is that of the metabohtes transported to the 
brain by means of the blood, and the second is the production 
of metabohtes by the nervous tissue itself It is, however, im- 
possible to deterrmne from the present experiments alone n hich 
of these sources should be held moie largely responsible for the 
greater accumulation of the metabohtes in the brain It is, how- 
ever, true that the greater actmty of the muscles and organs 
during severe fighting must increase the amount of metabohtes 
in general, and at the same time we are also justified m conclud- 
ing that the bram tissue itself must increase in its activity This 
latter conclusion follows from the investigations of Hodge (’92), 
which showed that conspicuous structural alterations of the 
spinal ganghon cells follow the direct electrical stimulation of 
peripheral nerves Hodge further demonstiated that the cells of 
spinal ganglia of English sparrows, of the cerebrum of pigeons, 
and cerebellum of swallows and antennal lobes of bees obtained 
at the end of the day, that is, after a period of activity, show- 
structural changes as compared -with those obtamed at the be- 
ginmng of the day, or after a mght of rest 

Similar observations were made subsequently by several ob- 
servers, and we may mention here the w'ork of Mann (’95) on 
the motor cells of the spmal cord and cells of the retina as one 
illustration 
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elites, resulting from the heightened physiological activity 
throughout the body in general, and brought into the brain with 
the blood, and partly as a result of the increased metabohe 
activity of the brain itself 
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Resumen por los autores, Mathilde L Koch y Oscar Riddle 

Nuevos estudios sobre la composicidn qulmica de los cerebros de 
palomas normales y ataxicas 

Una segunda senes de andhsis de cerebros de palomas afecta- 
das de una falta hereditana de regulacibn en los movimientos 
voluntarios, demuestra que estos cerebros se distinguen del cere- 
bro normal por el tamano y composici6n quhmca Los cerebros 
de las palomas atdxicas son mas pequehos Los autores ban 
hecho ocho andhsis de la parte antenor (cerebro) y postenor 
(cerebro-mddula) del encdfalo Cuatro de estos andhsis se llev- 
aron a cabo en palomas atdxicas y los otros cuatro en aves 
normales de una edad comparable Las cambios qufmicos en- 
contrados estdn mas pronunciados en los cerebros de las palomas 
fuertemente atdxicas que en los de las menos afectadas Tam- 
bi4n ban hecho andhsis adicionales de los encdfalos completes 
de aves muy jbvenes y muy viejas Los dates sobre los cam- 
bios qulmicos del cerebro que acompanan a la edad ban side 
obtemdos para una sene de indmduos de diversas edades en la 
paloma Estos cambios son paralelos a los observados previa- 
mente en el hombre y la rata El examen de esta “sene de 
edad” mds extensa de cerebros de palomas les ha penmtido 
evaluar mucho mejor que en su traba]o precedente la relaci6n 
entre las diversas fracciones qulmicas y la edad Las diversas 
fracciones de f6sforo y azufre lipoide parecen variar en con- 
sistencia con la edad hasta los 600 dias Una revisiOn de la 
significaci6n de los resultados obtemdos en la presente sene de 
andhsis y en la precedente, conduce a la conclusion de que las 
difeiencias observadas indican una escasa diferenciaciOn quhmca 
o relativa falte de maduiez de los cerebros atdxicos La dif- 
erenciaciOn qulrmca, que piobablemente incluj^e en parte la 
miehnizaciOn, no precede aparentemente tan depnsa en el 
encdfalo y, mds particularmente, en el cerebelo-mddula de los 
indmduos atdxicos como en el encdfalo de los indmduos 
normales 
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been analyzed apart from the rest of the bram (cerebellum and 
medulla) These ten samples were selected with the purpose of 
supplementing our previous results m the followmg respects 
a) To obtam mformation concemmg the locahzation (cerebrum 
or cerebellum-medulla) or non-locahzation of the previously ob- 
served chemical changes m the bram of the affected birds, b) a 
further comparison of the chemical constituents of the ataxic 
and the normal bram, c) the persistence or non-persistence of 
such differences in older birds, d) the extension of our knowledge 
of the relation of age* to the chemical composition of the bram 

MATERIALS ANDImETHODS 

The brains used m the preparation of samples I, II, III, IV, 
and VI are from birds similar to those used in our previous study 
except for age differences The two groups of ataxic birds showed 

the disorder to different degrees The older group (sample III) 
being clearly the more affected ’ The birds which supphed the 
material for sample VI were considerably younger than the 
birds used m the earher study, while the other four samples were 
obtamed from somewhat older birds (II and IV), and from much 
older (I and III) birds The birds used m the preparation of 
sample VI were mostly too young to classify as normal or ataxic 
All of the above-mentioned birds, hke those used for the pre- 
vious study, were birds descended from the first obtamed ataxic 
or affected mdmdual These birds, ataxies and normals, were 
therefore considerably inbred The normals or ‘controls’ of 
these groups were of the same strain and parentage as the ataxies, 
they were, in the mam, brothers and sisters of the ataxies Sam- 
ple V contamed the brams of the oldest common pigeons (mostly 
homers) of the same general kmd, but without ataxic blood, Tvhich 
we could obtam from our collection 
In the present study the cerebrum was analyzed separately 
from the cerebellum-medulla in four cases , i e , four groups of 

• Precise information of this sort has been obtamed hitherto, so far as we are 
aware, only m man and m the rat The data for man are very incomplete 

’ Ihe reader should consult our earlier papers for adequate descriptions of the 
various manifestations or degrees of manifestation of the ataxia 
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the present study are given in tables 1 to 3 The iv eights of the 
tivo parts of the brain, the weight of the entire brain, the 
weight of body, the sex, and the age of the birds of the group 
are included in the same tables In these tables the birds are 

TABLE 1 


Details on the matenals used in the preparation of the normal (control) pigeons’ 

brains 



V01fBER 

OP* 

BIOD 

BCX 

BOOT 

WEJOHT 

BEAJN WEIGHT 

AGE 

Cere- 

bellum 

and 

medulla 

Cerebrum 

U hole 
brain 

Older normals (sam- 
ples I and la) 

B530 

B523 

B54S 

B665 

B4S9 

K2S8 

K112 

K17S 

K217 

E232 

& 

& 

cf 

cf 

o' 

& 

9 

o' 

9 

cT 

307 

352 

344 

376 

372 

315 

315 

340 

305 

304 

0 445 

0 457 

0 465 

0 466 

0 460 

0 450 

0 395 

0 505 

0 462 

0 447 

1 435 

1 563 

1 500 

1 413 

1 423 

1 518 

1 385 

1 471 

1 364 

1 406 

1 880 

2 020 

1 965 

1 879 

1 883 

1 968 

1 780 

1 976 

1 826 

1 853 

days 

887 

820 

783 

722 

674 

564 

432 

414 

392 

298 

Average 

334 0 

0 4552 

1 4478 

1 9030 

598 6 

Younger normals 

(samples II and ' 
Ila) 

. 

Iv251 

K239 

K284 

K235 

K2G5 

K250 

M3&4 

M3Gd 

um 

M430 

9 

9 

o' 

9 

9 

& 

o’ 

o’ 

o' 

9 

225 

316 

291 

28S 

293 

313 

291 

352 

322 

274 

0 41S 

0 403 

0 482 

0 465 

0 435 

0 492 

0 503 

0 520 

0 4S7 

0 420 

1 360 

1 418 

1 573 

1 374 

1 333 

1 486 

1 400 

1 507 

1 443 

1 358 

1 778 

1 821 

2 055 

1 839 

1 768 

1 978 

1 903 

2 027 

1 930 

1 778 

294 

290 

281 

262 

255 

219 

169 

129 

SO 

76 

Average 

296 5 

0 4625 

1 4252 

1 8877 

205 5 


aU arranged according to decreasing age These tables are 
given m order that all of the necessary data may be presented, 
mcludmg the size and composition of each sample as prepared 
for analysis These tables are not used directly m the compari- 
sons made below 
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BODT 

WEIGHT 

B 

Cere- 

bellum 

and 

medullB 

aAJN WEIGI 

Cerebrum 

IT 

Vi hole 
brain 

AGE 






■■ 


days 


B530 

& 

307 

0 445 


1 880 

887 


B523 

& 

352 

0 457 
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2 020 

820 


B548 

& 

344 

0 465 

1 500 

1 965 

783 


B665 

& 

376 

0 466 

1 413 

1 879 

722 

Older normals (sam- 

B4S9 

& 

372 

0 460 

1 423 

1 883 

674 

pies I and la) 

E2S8 

(f 

315 

0 450 

1 518 

1 968 

564 


K112 

9 

315 

0 395 

1 385 

1 780 

432 


K17S 

o' 

340 

0 505 

1 471 

1 976 

414 


K217 

9 

305 

0 462 

1 364 

1 826 

392 


E232 

o’ 

304 

0 447 

1 406 

1 853 

298 

Average 

334 0 

0 4552 

1 4478 

1 9030 

598 6 


Iv251 

9 

225 

0 41S 

1 360 

1 778 

294 


K239 

9 

316 

0 403 

1 418 

1 821 

290 


E28I 

o' 

291 

0 482 

1 573 

2 055 

281 


K235 

9 

28S 

0 465 

1 374 

1 839 

262 

Younger normals 

K265 

9 

293 

0 435 

1 333 

1 768 

255 

(samples II and s 

K250 

& 

313 

0 492 

1 486 

1 978 

219 

11a) 

MS&l 

o" 

291 

0 503 

1 400 

1 903 

169 


M366 

cf 

352 

0 520 

1 507 

2 027 

129 


M471 

cf 

322 

0 4S7 

1 443 

1 930 

SO 


M430 

9 

274 

0 420 

1 358 

1 778 

76 

Average 




1 8877 

205 5 


aU arranged according to decreasing age These tables are 
given m order that all of the necessarj’- data may be presented, 
mcludmg the size and composition of each sample as prepared 
for analysis These tables are not used directly m the compari- 
sons made below 
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Indeed, in the four really comparable® groups the lowest average 
bram weight for males is higher than the highest average for fe- 
males The same is true for the two separate parts of the bram — 
the male cerebellum-medulla is larger and the male cerebrum is 
larger 

That this larger size of the brain, and of both parts of the 
bram, of the male is not wholly dependent upon the larger body 
size of the male is mdicated by the fact that two only of the male 

TABLES 


Details on the materials used in the preparation of groups V and T I 



NUMDEtl 

OE 

ninD 



BRXW WEIGHT 



ecx 

BOOT 

WEIGHT 

Ccre- 

bcttum 

and 

medulla 

Cerebrum 

Whole 

bram 

AGE 





mu 

nm 


davt 



H-A 

c? 

435 

0 438 

1 527 

1 965 

3266 

Older pigeons of 


H-B 

o’ 

394 

0 511 

1 535 

2 046 

3264 

other strains (aam- • 


169 

9 

334 

0 510 

1 528 

2 038 

1287 

pie V) 


A21 

9 

335 

0 472 

1 523 

1 995 

1238 



A313 

9 

258 

0 457 

1 505 

1 962 

1048 

Average 

351 

0 4776 

1 5236 

2 0012 

2021 




9 

316 

0 442 

mi 

1 794 

59 




9 

163 

0 393 

ISM 

1 616 

59 

Younger pigeons of 


M478 

c? 

255 

0 454 

1 384 

1 838 

52 

the ataxic strain 


M479‘ 

c? 

319 

0 427 

1 323 

1 750 

50 

(sample VI) 


M441 

9 

264 

0 367 

0 941 

1 308 

37 



M408 

9 

129 

0 335 

0 940 

1 275 

35 



M415 

9 

75 

0 198 

0 542 

0 740 

22 

Average 

217 3 

0 3737 

1 1007 

1 4744 

45 


• Known to be ataxic 


groups are larger and two are smaller than the associated females 
For the mature birds the brain weight shows considerable inde- 
pendence of body weight 

The relation of age to the size of the brain and to each of the 
two parts into which we have divided it can be partly under- 

p Group VI IS clearly immature, group V is not of the same strain In the 
latter group, moreover, the disparity of age is extreme, the males being very old 
(nine years) and the females in their prime (three years) 
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TABLE 3 


Details on the materials used in the preparation of groups V and T I 



NUMDEtl 

OE 

bihd 



BRA.tN WEIGHT 



ecx 

BODT 

WEIGHT 

Ccre- 

bcttum 

and 

medulla 

Cerebrum 

Whole 

bram 

AGE 





HHI 

nnn 


davt 



H-A 

cf 

435 

0 438 

1 527 

1 965 

3266 

Older pigeons of 


H-B 

c? 

394 

0 511 

1 535 

2 046 

3264 

other strains (aam- • 


169 

9 

334 

0 510 

1 528 

2 038 

1287 

pie V) 


A21 

9 

335 

0 472 

1 523 

1 995 

1238 



A313 

9 

258 

0 457 

1 505 

1 962 

1048 

Average 

351 

0 4776 

1 5236 

2 0012 

2021 




9 

316 

0 442 

DU 

1 794 

59 




9 

163 

0 393 


1 616 

59 

Younger pigeons of 


M478 

& 

255 

0 454 

1 384 

1 838 

62 

the ataxic strain 


M479‘ 

c? 

319 

0 427 

1 323 

1 750 

50 

(sample VI) 


M441 

9 

264 

0 367 

0 941 
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37 



M408 

9 

129 

0 335 

0 940 

1 275 

35 



M415 

9 

75 

0 198 

0 542 

0 740 

22 

Average 

217 3 

0 3737 

1 1007 

1 4744 

45 


* Known to be ataxic 


groups are larger and two are smaller than the associated females 
For the mature buds the brain weight shows considerable inde- 
pendence of body weight 

The relation of age to the size of the bram and to each of the 
two parts into which we have divided it can be partly under- 
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latter group, moreover, the disparity of age is extreme, the males being very old 
(nine years) and the females in their prime (three years) 
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stood from a study of the data of table 4 and partly from the data 
previously obtained by us (’18, table 3, m part reproduced here, 
table 8) It is clear that neither females of 42 days nor males of 
51 days (averages on table 4) have fully developed brams Two 
females of 69 and 127 days (’18, table 3), however, each had a 
bram nearly as large (1 811 grams and 1 813 grams) as that of 
the largest female brain of groups I and II (K235 = 1 839 grams, 
age 262 days, table 1) and larger than the average bram (1 803 
grams and 1 797 grams, table 4) of the females of these much 
older normal groups Smularly, a male of 124 days (’18, table 3) 
had a bram larger (1 943 grams) than the average (1 928 grams) 
of eight normal males of 645 days (average, table 4) 

It IS reasonably clear that in this particular stram of birds the 
ma.Mmum brain weight is usually attained not much later than 
100 days after the beginmng of development (eighteen days for 
incubation) In all of our present and previous analyses of 
pigeon brams (table 8), therefore, only the brams of group VI 
of the present series were undersized because of age Groups II 
and rV, which are compared with each other, have each two birds 
aged less than 100 days 

Relation of ataxia to brain size 

The relation of bram size to normality and ataxia may now be 
confidently studied, since the mfluence of sex, body weight, and 
age have ah eady been considered Four qmte comparable groups 
(I to IV, table 4) are available , two of these are brams from nor- 
mal birds and two from ataxies, and there are both males and 
females in each of the four gi oups for comparison The f ollowmg 
IS found 

The whole brain of each of the ataxic groups is smaller® than 
that of either of the two normal groups (tables 1 and 2) The 

* There is a high percentage of males in one normal group and a high percent- 
age of females m one ataxic group which considerably affects the bram size of 
these two But the comparison between the normal and ataxic males of these 
two groups, and between the normal and ataxic females of these two groups, is 
just as \ al d as are the similar comparisons betw een the other two groups m which 
no disparity of sex exists The mean weights of the various groups permit a 
quite fair comparison from one group to another 
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direction of the normal female It will be pointed out later that 
ataxia is found more often in females than in males Smce the 
observed effects of ataxia on the male all take the direction of 
the female, it may be asked, does this fact have any bearing upon 
the predominant appearance of the derangement in female 
offsprmg? 

Before concludmg the above considerations (in which the mate- 
rials entering mto the composition of the samples are being con- 
sidered as fully as a paper presenting chemical data permits), 
emphasis may be placed upon the fact that samples I-Ia and 
Ill-IIIa (older normals and older ataxies), though qmte com- 
parable as to age, are not so m regard to sex Also, that this sex 
difference at least partially accounts for the size differences of 
the brains of these two groups And, further, that differences of 
brain size may be of significance in the results of the chemical 
analysis Donaldson (’16) obtamed from the rat evidence “that 
both the relative and absolute weight of the brain * * , at a 

given age, are factors tending to modify the percentage of water 
present, m the sense that the heavier brain or cord shows the 
smaller percentage of water ’’ Donaldson^ also indicates that m 
a given species the larger (heavier) brains at a given age tend to 
have a higher percentage of white substance On this basis the 
larger brains of both the older and younger normals (samples 
I-Ia, Il-IIa) might be expected to show lower water values 
(and other chemical evidences of greater age) than the ataxic 
groups of somewhat smaller brain size with which they are com- 
pared Possibly such size relations do shghtly influence the 
amount of the various chemical fractions obtamed by us We 
would note, however, that the cerebrum of the younger normals 
(Ila) and' the younger ataxies (IVa) were of eqmvalent (total) 
size (14 252 grams and 14 233 grams, tables 1 and 2), and m 
each sample the sexes were equally represented, nevertheless, 
when the figures obtained for these two groups are compared, 
on the basis of the nine constituents found to be characteristic 
of age in this series (p 98), it is found that six of these mne con- 
stituents here mdicate the relative immaturity of the ataxic 


’ Personal communication 
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on the basis of the nine constituents found to be characteristic 
of age in this series (p 98), it is found that six of these mne con- 
stituents here mdicate the relative immaturity of the ataxic 


’ Personal communication 
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phosphatids) which are really indicative of age m very young 
brains have very hmited or quite uncertain values when apphed 
to brains of some of the older ages This particularly applies to 
several ages actually studied by us It is, therefore, necessary to 
restate here the chemical critena for differentiatmg yoimger and 
older stages, as this applies to the pigeon bram for those particu- 
lar ages which we are now to compare 

The data given m table 8 require the foUov mg conclusions 
Water is decreased relative to solids throughout the entire age 
series It is true that the moisture figures obtamed for the sev- 
eral groups of normals do not correctly mdicate the age of the 
group m all cases For example, the normal bram of 106 days 
IS shovm to have a shghtly lower percentage of water than the 
normal brains of 205 days, and an ataxic of 133 days shghtly less 
water than an ataxic of 206 days Ataxia Itself probably further 
comphcates the smoothness of the figures for the senes as a 
whole Nevertheless, a general tendency to a decrease of water 
with mcreasing age is unquestionable ® 

Protein plamly decreases with mcreased age Only the figure 
for the normals of 106 days breaks the complete smoothness of 
the curve for the entire series of normals 
Lipoids mcrease with mcreased age, although the figures actu- 
ally obtamed are not wholly consistent, neither for the normals 
considered alone nor for the ataxic senes In fact, between 106 
days and 598 days verj’’ httle change is indicated m the amount 
of hpOids This doubtless indicates that myehnation is prac- 
tically completed m these pigeons at 106 days 

Extractives are present m the solids m greater amount in the 
forty-five day bram than at any other time In normals of 106 
days, however, no more extractives are present than in normals 
of 2,021 days, and less is found than in normals of 205 and 598 

* It should be borne m mind that there is opportunity for error m the moisture 
estimation of any organ such as the brain First, through unequal evaporation 
from the bram surface during the preparation of the sample, and, second, through 
the presence of unequal quantities of blood withm the organ when weighed 
Whether ataxia itself offers anj special complication is at present unknown to us 
Again, anj loss or gam to the solids of either the alcohol-ether soluble or alcohol- 
ether insoluble fraction would serve to modify the recorded amount of moisture 
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above-stated abnormal relation of phosphatids and sulpbatids 
to age (at 200 to 600 days) disappears The difference of result 
on this basis of calculation is directly due to the fact that total 


TABLES 

Chemical composition of cerebrum and cerebellum-medulla of normal and ataxic 
pigeons (in per cent of solids) 
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Younger 
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Water in per cent 



79 7 
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77 9 
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49 9 
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34 4 
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41 9 
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13 4 

14 3 

14 7 
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12 0 

Cholesterol 

7 5 
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8 8 
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Phosphatids 

22 5 
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22 3 

20 2 

24 6 

23 4 

22 5 
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Sulphatids 
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6 8 
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13 3 
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15 9 


Distribution of sulphur in per cent of total sulphur 


Protein-sulphur 

65 3 

69 7 

66 6 

69 9 

55 8 

54 5 

56 8 

49 6 

Lipoid-sulphur 

18 1 

16 5 

18 9 

15 3 

26 6 

23 5 
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32 1 

Extractive-sulphur 
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14 5 

14 8 
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Distribution of phosphorus in 

per cent of total phosphorus 
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Total phosphorus (in per cent of 









solids) 

1 39 

1 46 

1 28 

1 26 

1 55 

1 50 

1 43 

1 51 


phosphorus and total sulphur are reduced in the brains of about 
600 days Calculated thus, lipoid-phosphorus is m greater 
amount m the 598-day normal than in the 205-day normal 
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Protein-phosphorus decreases wholly consistently with age in 
all of the normals Extractive-phosphorus decreases progres- 
sively with age This rule fails, howmver, m the very old (2,021- 
day) bram Total phosphorus also progressively decreases mth 
age 

In the comparison of the normal and ataxic brains, the younger 
age IS characterized, therefore, by higher values for water, pro- 
tein, protein-phosphorus, extractive-phosphorus, and total phos- 
phorus, and by lower values for lipoids, cholesterol, lipoid-phos- 
phorus, and lipoid-sulphur A comparison, on the basis of these 
nine constituents, of correspondmg parts of the bram of normals 
and ataxies will be made first That of the whole brain of aU of 
the normals and ataxies can be better done later 

Results of analysis of cerebrum and cerebellum-medulla of normals 
and ataxies {table 6) 

The cerebrum of the younger (less) ataxic group gave lower 
figures for moisture, protein (extractives),*^ cholesterol, hpoid- 
sulphur, and hpoid-phosphonis than the younger normals with 
which they should be compared Higher figures were obtamed 
for lipoids, protem-phosphorus, extractive-phosphorus, and total 
phosphorus Six of these figures mdicate that the cerebrum of 
the younger ataxies (206 days) were less differentiated than those 
of the younger normals (205 days), three figures pomt to the 
opposite conclusion 

The cerebellum-medulla of the younger ataxies show smaller 
values for hpoid-sulphur, protem-phosphorus, hpoid-phosphorus 
(phosphatids, sulphatids, extractives), and total phosphorus, 
greater values for moisture, protem, hpoids, and extractive-phos- 
phorus Five of these figures pomt to the (less) ataxic cerebel- 
lum-medulla as the younger stage, while three are opposed 
Cholesterol shows no difference Summarizmg this comparison 
of parts of the bram of younger normals and younger (less) atax- 
ies, it may be said that the results show but httle of chemical 

“ Substances 'which are not really distinctive of age will sometimes bo 
included in the summaries or comparisons which follow, but to distmguish them 
they will be mcluded m parentheses 
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ferentiated, or less old, than are these parts of the brain m nor- 
mals of equivalent age Further, the evidence obtained fiom 
the older strongly ataxic brains is more decisive than that 
obtamed from the younger less ataxic brams 

Distnbution of sulphur and phosphorus in cerebrum and 
cerebellum-medulla 

In table 6 are given the data on the distribution m cerebrum 
and cerebellum-medulla of sulphur and phosphorus calculated 
m per cent of solids That method of calculation scarcely 
changes'® the description aheady given above m terms of total 
sulphur and total phosphorus Particular attention may be 
directed only to differences m distribution of these elements in 
the cerebrum and cerebellum-meduUa These data are the 
first thus far obtained for any bird 

Protem-sulphur is more abundant m the cerebrum than in the 
cerebellum-medulla Lipoid-sulphur and extractive-sulphur is 
distmctly less m the cerebrum The older birds (598 and 600 
days) have markedly less sulphur m all fractions of the cerebrum 
than have the younger buds (205 and 206 days) In the cere- 
bellum-meduUa there is less of difference due to age This prob- 
ably indicates that the maximum sulphur content of the pigeon 
cerebrum is reached at nearly 206 days and thereafter decreases 
m relative amount (table 7) The sulphur of the cerebeUum- 
meduUa suffers no marked decrease durmg this period (206 to 
600 days) Most of the sulphur of cerebrum and cerebellum- 
medulla IS protem-sulphur 

The phosphorus of both the cerebrum and the cerebellum- 
medulla IS chiefly hpoid-phosphorus Protem-phosphorus and 
extractive-phosphorus are present m almost equal quantity m 
both parts of the brain All three fractions of phosphorus are 

Only two of the figures compared above show a different relation to each 
other under the two methods of calculation These occur m the lipoid-phos- 
phorus and e\tractive-phosphorus of the cerebellum-medulla of the older ataxic 
group Both became higher m the ataxic than in the normal The numerical 
result IS the same as before six figures still indicate the relative immaturity of 
the organ and three figures are opposed 
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readily compared (figures for both placed in itahcs) with the 
brains of siimlar ages It is in these two series in which the ab- 
normality was most marked that the clearest evidence for a 
chemical under-diflerentiation or relative immatunty of the 
ataxic biains is found It is notable that in both of these groups 
the amount of water is either equivalent to or more than is indi- 
cated for their actual age, protein is present in excess in both, 
hpoids are deficient in both, cholesterol is lowest m both, phos- 
phatids and sulphatids*'* are also low in both, total phosphorus 


TABI,E8 

Chemical composition of the whole brain of normal and ataxic pigeons {in per cent 
of solids) Arranged according to age 




AVCRAOG 



SOLIDS 



PH08- 


u 

5 

S 

2 

TION OP 

OROUPS 

Age 

Body 

weight 

Brain 

neight 

WATER 

Pro 

teiDS 

Lipoids 

1 Extrac- 
tives 

TEROL 

1 PBA- 
TID8 

TIDB 

1 

Normal* 

days 

2021 

grams 

351 

grams 

2 001 

78 4 

47 4 

39 4 

13 2 

8 1 

22 3 

9 9 

2 

Ataxic 

600 

S09 

1 799 

79 S 

49 Z 

S6 8 

14 0 

7 7 

ZO 8 

8 0 

3 

Normal 

598 

334 

1 903 

79 3 

48 8 

37 4 

13 8 

7 8 

22 4 

8 0 

4 

Ataxic 

206 

354 

1 852 

79 8 

50 2 

36 8 

13 0 

7 8 

22 7 

9 1 

5 

Normal 

205 

297 

1 888 

80 2 

50 6 

36 0 

13 4 

7 8 

23 1 

9 8 

6 

Normal 

183 

362 

1 879 

79 8 

50 7 

37 1 

12 2 

7 5 

23 5 

6 3 

7 

Ataxic 

166 

314 

1 784 

79 5 

49 7 

37 2 

13 1 

7 4 

23 0 

6 1 

8 

Ataxic 

m 

SS6 

1 789 

80 S 

BZ 1 

34 9 

IZ 9 

6 8 

Z1 9 

6 S 

9 

Ataxic 

133 

331 

1 900 

79 6 

50 9 

36 4 

12 7 

7 1 

22 4 

(8 1) 

10 

Normal 

106 

360 

1 922 

80 0 

50 0 

36 8 

13 2 

7 0 

22 9 

6 5 

11 

Mixed 

45 

217 

1 475 

82 6 

51 9 

33 7 

14 4 

6 5 

22 8 

4 1 


‘ Birds not of ataMO strain, but of nearly similar variety 
^ A mi\ed group, probablj normals and ata\ cs, all from ntn\ic stram 
Note — Nos 1 to 5 and 11 are new data, nos 6 to 10 are our earlier data (’18) 


IS low m both, extractive-phosphorus and protein-phosphorus 
are high m at least one case In all of these fractions these tv o 
ataxic brain groups aie less differentiated chemically than brains 
of their calendar age should be Extractives are not distmctive 
of age for the ages actually considered and one ataxic shows a 
high the othei a low figure for this fraction 

It thus appears that of those mne chemical fractions (eighteen 
for the tvo groups) which can be relied upon to reflect age differ- 


'* Confirmed by lipoid-phosphorus and lipoid-sulphur, table 7 
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Note — Nos 1 to 5 and 11 are new data, nos 6 to 10 are our earlier data (’18) 


IS low m both, extractive-phosphorus and protein-phosphorus 
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for the tvo groups) which can be relied upon to reflect age differ- 

'* Confirmed by lipoid-phosphorus and lipoid-sulphur, table 7 
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Out data concerning the localization of the derangement in the 
bram are still imperfect, because m our analyses the brain was 
separated into anterior and posterior parts only It has been 
made clear that the chief size reductions occur in the posterior 
brain, and the evidence mdicates that the deviations m cheimcal 
composition are accentuated m this same region 

Whether analyses of medulla and cerebellum separated from 
each other v ould have shown that all of the size and chemical 
changes occurred m one only of these organs is a question quite 
unanswered by our data Nevertheless, the fact that changes 
were also found in the cerebrum would seem to mdicate that the 
derangement is not absolutely confined to either of the chief 
divisions of the brain It is possible, however, that locahzed 
affected areas are present and that these were ‘diluted’ by much 
normal material m our samples as prepared for analysis If this 
were true, these particular locahzed areas would necessarily ha-ve 
a much greater degree of chemical under-differentiation than is 
indicated by the figures obtamed by us 

The sex of the ataxic birds deserves a further statement 
Those who may have carefully exammed the character of the 
samples obtained from ataxic pigeons, m both the earher and pres- 
ent series, will have noted that more female brains than male 
brains are found in these samples as prepared for analysis In 
the earher senes (of ataxies) the proportion was ten females to 
five males, in the present series twelve females to eight males 
This disproportionate representation of the two sexes in these 
samples was not consciously effected by us, smee the sex of most 
of the mdividuals selected for the purpose was not known until 
after the birds were killed In most cases they were selected 
chiefly because they were ataxic m one or another degree Equal- 
ity of the sexes was desired m our present samples, but could not 
ahvays be obtained 

The excess of females m the tv o senes of ataxies has led us to 
examine a segment of the breeding data m an effoit to learn 
whether the ataxia more often occurs m females than m males 
The data given below were obtained from a tabulation^* of the 

“ All groups of offspring of ataxic blood or strain -were included in the sum- 
mary The matings which had yielded no ataxic offspring were excluded 
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this table These show that (from the standpoint of relative 
amounts of the various cheimcal constituents) the cerebellum- 
medulla of the pigeon is chemically an intermediate of the pigeon 
cerebrum and the human brain (both of cerebrum and of cere- 
bellum-medulla) Only the sulphatids of the seven fractions 
from the pigeon cerebellum-medulla fail to take an intermedi- 
ate place between the pigeon cerebrum and human cerebrum 


TABLE 9 

Comparison of ihe chemical composition of ike adult cerehrum and cerebellum- 
medulla of man and of the pigeon (in per cent of solids) 



water I 

!N PEH ; 
CENT 

PRO- 

TEins 

EX- 1 

TRVO- 1 

TIVES 1 


PHOS- 
PHA- 
TID8 ! 

cboles 
TEnov i 

SUL- 

PHA- 

TIDS 

CERE- 

DRO- 

BIDCB 



(Part 1) 








Cerebrum 






Human* 

76 9 

37 7 

1 7 9 

1 54 4 1 

28 3 


1 9 6 

1 6 6 

Pigeon’ 

1 80 3 

1 51 0 

1 13 9 

I 35 1 

22 4 

la 

1 7 6 

* 

Cerebellum-medulla 

Human* ^ 

Wa 

40 4 1 


50 9 1 

25 0 1 

6 4 1 

9 0 

7 4 

Pigeon’ 

Id 

46 1 


41 3 

23 6 


12 5 



(Part 2) 

Rearrangement of above figures in terms of decreasing (ontogenetic) age 


Human cerebrum 

76 9 

37 7 

7 9 



10 0 

9 6 

6 6 

Human cerebellum 

78 1 

40 4 

8 7 

50 9 

25 0 

6 4 

9 0 

7 4 

Pigeon cerebellum 

77 9 

46 1 

12 6 

41 3 

23 5 

8 9 

12 5 

J 

Pigeon cerebrum 

80 3 

51 0 

13 9 

35 1 

22 4 

7 5 

7 6 



‘ Average of two analyses by Koch and Vocgtlm (’16) of cerebrum and cere- 
bellum-medulla 

* Average of two analyses (I-Ia and Il-IIa of this paper) 

“ Cerebrosides liave not been determined in the pigeon brain 


If, now, the figures found m part 1 of table 9 be arranged in 
such an ‘age series’ as was prepared for the several pigeon brains of 
various ages (table 8) , the result may be seen m part 2 of table 9 
\ccordmg to the places taken by cerebrum and cerebellum- 
medulla of man and the pigeon m this arrangement, the human 
cerebrum would seem to be the oldest — i e , the most fully differ- 
entiated ‘brain tissue,’ the human cerebellum-medulla nex in 
order, the pigeon cerebellum-medulla next The pigeon cere- 
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The ‘age senes’ of 'pigeon hrains 

It has earlier been stated that it is o'nly on the brains of man 
and the rat that we have had fairly adequate data for the pro- 
gressive change of the various proximate chemical constituents 
during growth, or, more properly, as related to growth and age 
The present work supplies such an 'age series’ for the pigeon 
brain, and this series is now as extensive as are those now known 
for man and the rat Each of these latter series includes obser- 
vations on one or more relatively younger stages than we have 
studied m the pigeon On the other hand, the data for the pigeon 
mclude one relatively older stage than has been obtained on 
either of the other two forms 

Except for differences which appear because of a lack of paral- 
lehsm of age, the three 'age series’ show that qmte the same course 
of chenucal differentiation is followed in the bram of man, the 
rat, and the pigeon It is not our purpose to discuss these three 
series here The essential sirmlarity of results obtamed on mate- 
rial fiom sources so unhke should, however, be noted as additional 
evidence for the trustworthmess of the methods developed by W 
Koch (’09) for brain analysis The brains of the three 'age 
series’ mentioned above have all been analyzed according to 
Koch’s method 

Smce the above was ivritten, we have had an opportunity to 
learn something of the results of the neurological studies made 
by Hoshmo (’19) of the brains of some of this same faimly of 
ataxic pigeons Although the present study was completed and 
fully described before we were aware of Hoshmo’s results,” it 
seems well to add here that the neurological and chemical studies 
support an essentially sirmlar view The bearing of Hoshmo’s 
summary statement is self-explanatory “This may be regarded 
as a hypoplasia or developmental mhibition in the propriocep- 
tive system, part of the motor system, and some structmes con- 
necting the medulla oblongata and cerebellum, occurring during 
growth, with scarcely any definite degeneration or secondary 
increase of neuroglia tissue ” 

” The courtesy of Doctor Hoshmo has made it possible for us to read his com- 
pleted manuscript prior to its publication 
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7 The significance of the results obtained in the present and 
former series of analyses has been reviewed The evidence war- 
rants the conclusion that chemical differentiation, probably rep- 
resented largely by the relative abundance of the myelin, does 
not proceed as rapidly in the brain, and more particularly m the 
cerebeUum-meduUa, of ataxic birds as m the brain of normal 
birds 
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Resumen por el autor, Teiji Hoshmo 

Estudio del cerebro y m^dula espmal de una famalia de palomas 

atdxicas 

El autor ha estudiado funcional y anatdmicamente cuatro 
palomas que presentaban ataxia hereditana y tres palomas nor- 
males de la misma familia, las cuales le fueron enviadas por la 
Estacibn de Evolucibn Experimental de la Instituci 6 n Carnegie 
Incluye en el presente traba]o la histona completa de la farmlia 
aludida con los datos de anatomfa gniesa y nucroscdpica refer- 
entes a los mdmduos atdxicos y a los normales que sirvieron 
como tipo de comparacidn Los cambios encontrados en el 
sistema nenuoso central consisten prmcipalmente en una reduc- 
ci 6 n del tamano del cerebro y m^dula espmal, especialmente en 
el cerebelo y las partes directamente relacionadas con 41 Esto 
puede considerarse como una hipoplasia o inhibicibn del desar- 
rollo del sistema piopioceptivo, parte del sistema motor 3 '' 
algunas de las estructuras que unen a la medula oblonga con el 
ceiebelo, la cual tiene lugar durante el ciecimiento, con una 
degeneraci 6 n apenas marcada o aumento secundano del tejido 
neurbghco Despu4s de revisar someramente la ataxia de Fried- 
rich y la h4r4do-ataxia c4i4belleuse de Marie, el autor interpret a 
la condici 6 n de las aves examinadas como una combmaci 6 n de 
las dos afecciones humanas mencionadas 

Translation by Josfi F Nonidez 
Carnegie Institution of Washington 
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reliable lecoid of heieditary diseases over a peiiod of several gen- 
eiations Therefore, it will undoubtedly be interesting to copy 
from his notes and fiom one of his leports (T8) the remarkable 
parentage of these pigeons The follow mg is a brief summary of 
this history 

Fiom an egg produced by the weakemng influences of Repro- 
ductive ovenvork’ a female pigeon no 151 was hatched in 1914 
w'hich show^ed a maiked lack of power ovei the voluntary move- 
ments of the head and body This lack of cooi dmation w as prac- 
ticallj’’ completely lost in the adult bird The affected female 
was bred to two normal males, A 126 scraggly and C-B9 The 
derangement has been inherited thiough four geneiations de- 
scended from eithei male 

The paients of no 151 w'eie laised by Piofessoi Whitman 
The male parent, a two-ban ed homci H-A, had no ataxic symp- 
tom nor did his sue oi dam H-A homei was an mbied, for its 
parents w^ere biothei and sistei The dam of no 151 w*as of the 
homei-caiTiei tj^ie, normal and w'lthout ataxia These parents 
of no 151 laid for the last time m 1914 on about October 12th 
to 14th, and one of these eggs hatched the ataxic female This 
female (no 151) w'as thus hatched at the end of the season from 
a pau of birds w'hich had been kept constantly at w'oik and from 
paients one of w'hich w'as an mbied 

When first out of the nest the abnoimahty of no 151 w as noted, 
and theiefoie the next pair of eggs pi oducedby^ paients of no 151 
were also incubated The two birds hatched fiom these eggs 
lesembled no 151, but were not ataxic Theie is no lecoid of 
ataxia in any of the othei descendants of the paients of no 151 
duiing the entue pievious four years There is reason to beheve 
that this charactei aiose wathin the germ that produced no 151 
and that the w'eakenmg effects of abnormally lapid egg-laymg 
and possibly the mbieeding of the male paient weie causally 
1 elated to the appeal ance of the chaiactei 

The sire (A428) of the ‘scraggly’ male no A126 was a checkeied 
Columba hvia domestica, which had the tips of the wings white 
As IS w^ell known, w hite is apt to appeal m these outmost wing- 
feathers m many breeds of the domestic pigeons This restricted 
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Male C-B9, ^Mtli the ataxic female (151) iias mated for 
a short period pnoi to hei mating with the sciaggy male, ^Aas 
a pure wild rock pigeon (Columba hvia) It uas hatched m 
1910 fiom paients obtained (1908) from the ca^es of Cromaity, 
Scotland The thiee offspimg of this veiy strong and Mgorous 
male and the ataxic female ueie normal m appeal ance and be- 
havioi, but m the next generation a portion of the offspimg ex- 
hibited ataxia No uhite coloi has thus far appealed in anj'^ of 
their descendants 

Ataxia, scragghness, and nhite coloi have all appeared m three 
generations derived fiom the mating of the scraggly male and 
ataxic female Without heie entering into full consideiations of 
the proportions of abnoimals to noimals for each of these three 
characteristics m the different generations, it can be sard that the 
fiist generation shoved lelatnely fev abnormals — ataxies, scrag- 
ghes, or whites Later geneiations have shovm higher propor- 
tions of affected indu iduals, and the combination of ataxia and 
scragghness has tlieie been obtained 

The ataxia of the original ataxic bird (no 151) disappeared 
some time after she became adult T^T^en she died recently, she 
seemed quite normal This is not true of many or most of later 
ataxies, winch show much more extensive lack of coordinations, 
and maintain them till the end of life Of course, the extreme 
ataxies do not live long Doctor Riddle describes the scraggli- 
ness as follows This, he says, is a plumage defect, the featheis 
lack barbules and booklets, and as a result the barbs of all feath- 
ers of all these birds hang loosely apait so that the vung feathers 
give no resistance to the air, and the birds cannot fly Such 
feathers present a very peculiar and bristhng appearance 

The statement concerning pedigiee, and behanor of each of 
the four birds, which were sent us mns as follows 

No K137 Young of cage 131 Second geneiaon hvbrid (not 
counting original ataxic and sciaggly as fiist geneiation) Paients 
male A456 and female A446 (neither of which showed ataxia oi scraggli- 
nesb) The parents of these latter oiiginal ataxic female 151 and 
oiiginal sciaggly male A126, from eggs laid 4/8/17 Ataxic — gaitun- 
steadj’’, flies ven little oi not at all, tips backward, and also tends to 
tip sidewise 
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hibited ataxia No uhite coloi has thus far appealed in anj'^ of 
their descendants 

Ataxia, scragghness, and uhite coloi have all appeared m three 
generations derived fiom the mating of the scraggly male and 
ataxic female Without heie entering into full consideiations of 
the proportions of abnoimals to noimals for each of these three 
characteristics in the different generations, it can be sard that the 
fiist generation shoved lelatnely fev abnormals — ataxies, scrag- 
ghes, or whites Later geneiations have shown higher propor- 
tions of affected indu iduals, and the combination of ataxia and 
scragghness has there been obtained 

The ataxia of the original ataxic bird (no 151) disappeared 
some time after she became adult I^Tien she died recently, she 
seemed quite normal This is not true of many or most of later 
ataxies, winch show much more extensive lack of coordinations, 
and maintain them till the end of life Of course, the extreme 
ataxies do not live long Doctor Riddle describes the scraggli- 
ness as follows This, he says, is a plumage defect, the feathers 
lack barbules and booklets, and as a result the barbs of all feath- 
ers of all these birds hang loosely apart so that the vung feathers 
give no resistance to the air, and the birds cannot fly Such 
feathers present a very peculiar and bristhng appearance 

The statement concerning pedigree, and beharuor of each of 
the four birds, which were sent us lains as follows 

No K137 Young of cage 131 Second geneiaon hybrid (not 
counting original ataxic and sciaggly as fiist generation) Paients 
male A456 and female A446 (neither of which showed ataxia oi scraggli- 
nesb) The parents of these latter oiiginal ataxic female 151 and 
oiiginal sciaggly male A126, from eggs laid 4/8/17 Ataxic — gaitun- 
steadj’’, flies ven little oi not at all, tips backyard, and also tends to 
tip sidewise 
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on one side of the bodj n ith the wall of the pen If food or water 
IS placed in the middle of the cage on the floor, they have great 
difficulty in i caching it Food is leally the only thing which will 
make them attempt to valk, except when they are fiightened or 
excited In then attempts to v alk they fall forn ard or sidewaj^s 
or just stumble along reeling like a drunken man, 'demarche 
ebrieuse ’ Wien they fall foiwaid they try to get up vnth their 
bills against the floor pushing back the bodj^ and flapping the 
wings with much effoit When they fall to the side they usually 
roll over once or twice Sometimes they fall to the right, while 
at other tmies they fall to the left and then roll until they reach 
some obstruction which helps them to get up with the aid of 
flapping the wings Flying is practically impossible m all birds, 
if they are thrown free in the air, they flap their wings irregularlj^ 
and cannot fly above the height they are thrown, but go directly 
down to the floor notv ithstanding that their flapping efforts are 
much moie intense than those of normal birds T\Tien the birds 
are excited oi frightened, the distuibances of the irregulai move- 
ments stated above are much more apparent Such a movement 
as the so-called “tremulance” or oscillatory movements cannot 
be observed either when the birds are excited oi at rest Ocular 
movements are free, no deviation and no nystagmoid jerking can 
be substantiated The reflexes which may be ehcited from the 
cornea are noimal Wien they are put on a rotating chair 
they show the head nj^stagmus characteiistic of normal pigeons 
If they are rotated more than five or six tunes they lean agamst 
the cage wall or he down, exhibiting regular head nj^stagmus 
^ffien bhndfolded the buds reveal no increase of the disturbances 
of coordination 

As far as can be deteruuned, sight and hearing are noimal, the 
buds can recognize food and an observer who may be approach- 
ing, they also react to a sudden sound by raising the head and 
tiunk suddenly, but immediately lower them again Pupils are 
equal and react to hght promptly The sensibility to touch as 
well as to pain appears unaffected m the skin, the buds react to 
stunulation with direct movements, but all these movements are 
qnite sluggish The toes of three affected pigeons are more or 
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